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Office  of  the  Board  of  Public  Works,! 
Grand  Rapids,  May  Ist,  1875.     J 

To  the  Hon,  Board  of  PubUc  Worhs  of  the  City  of  Grand 
Rapids : 

I  herewith  submit  the  following  report  of  the  Public 
Works  which  have  been  carried  on  under  direction  of  the 
Board  since  its  organization  on  the  Ist  day  of  April,  1873. 

ThcHe  works  include  the  improvement  of  Streets  and 
Alleys,  the  construction  of  Bridges,  Public  Buildings  (except 
School  Houses),  and  Sewers,  the  improvement  of  Parks,  and 
the  construction  and  maintenance  ol  Water  Works. 

.  STREETS  AND  ALLEYS. 

Since  April  1st  1873  the  following  improvement  of  Street.s 
and  Alleys  have  been  completed  : 

Streets   Grading  and    Paving 1526  Lineal  Feet. 

Gradirfg,  Graveling  and  Paving  Gutters 34994      "        " 

Grading  and  Graveling  . 23357 

Alleys   Grading  and  Graveling 2186 

Grading .' 400       **         " 

Total  length  of  improvements  ....  62463  Lineal  feet  =  11  83-100  miles. 

The  total  costs  of  these  improvements  was 1134,766.19 
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Contracts  have  been  made  for  the  following  improvements 
which  are  now  in  progress : 

Streets  Grading,  Graveling  and  Paving  Gutters  .    .    .    .  1 1503  Lineal  Feet. 

Grading  and  Graveling 7040       "         " 

Total 18543  Lineal  feet  =  3  51-100  miles. 

The  Streets  paved  were  Monroe  street,  from  the  west  line 
of  Waterloo  to  the  south  line  of  Pearl ;  Ottawa  street,  from 
the  north  line  of  Monroe  to  the  center  of  Pearl,  and  Pearl 
street  from  the  center  of  Ottawa  to  the  west  line  of  Canal. 

The  pavement  adopted  for  these  Streets  was  what  is  known 
as  the  Chicago  Free  Pavement,  which  consists  of  pine 
blocks  four  inches  thick  and  six  inches  long,  set  on  end  in 
rows  Yunning  diagonally  across  the  street,  with  one  inch 
spaces  between  the  rows,  which  are  filled  with  gravel  well 
rammed.  The  foundation  is  six  inches  or  more  of  sand  or 
fine  gravel  well  rammed  and  shaped  to  the  crown  of  the 
street. 

The  reasons  for  preferring  this  form  of  pavement  were  its 
cheapness,  its  simplicity,  the  rapidity  with  which  it  can  be 
laid,  and  the  ease  with  which  it  can  be  taken  up^and'relaid, 
when  necessary  for  laying  or  repairing  sewers,  gas  or  water 
pipes. 

On  each  of  these  streets  the  slope  of  the  gutter  next  to 
the  side  walk  was  paved  with  Joliet  stone  flagging,  four 
inches  thick  and  eighteen  inches  wide.  The  space  between 
the  rails  of  the  street  railroad  on  Monroe  and  Pearl  streets 
was  paved  with  cobble  stones. 

On  Ottawa  and  Pearl  streets  the  experiment  was  tried  of 
paving  only  sixteen  feet  in  width  in  the  center  with  wood 
blocks,  and  the  sides  with  cobble  stones  set  in  gravel.  Care 
was  taken  to  select  stones  of  medium  and  as  uniform  size  as 
practicable;  This  plan  was  adopted  from  motives  of  econo- 
my, the  stone  pavement  costing  less  than  half  as  much  as 
the  wood,  and  being  practically  indestructable,  while  the 
wood  will  probably  not  last  more  than  ten  years  at  most. 

The  result  of  this  experiment  will  be  watched  with  much 
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interest,  and  if  successful  and  satisfactory  to  the  public,  will 
probably  be  the  solution  of  the  pavement  problem  as  far  as 
all  streets  are  concerned  on  which  there  is  much  travel.  On 
a  street  66  feet  wide,  with  side  walks  14  feet  wide,  the  cost 
of  such  a  pavement,  with  16  feet  of  wood  and  the  balance 
of  stone,  would  at  present  prices,  not  exceed  $3.70  per  run- 
ning foot.  The  center,  which  ninety  per  cent  of  the  travel 
will  naturally  follow,  will  have  the  smoothness,  elasticity, 
noiselessness,  and  comfort  for  horses,  which  are  the  charac- 
teristic qualities  of  wood  pavements,  and  the  cheajxir  and 
more  durable  material  on  the  sides  will  compensate  for  the 
expense  and  want  of  durability,  which  are  the  great  objec- 
tions to  the  wood  pavement. 

The  character  of  the  cobble  stone  pavements  now  in  use 
on  some  of  our  streets  as  Monroe,  Bridge,  Canal  and  Fiil- 
ton,  is  not  such  as  to  make  their  extension  popular,  but  with 
care  in  selecting  stones  of  medium  and  uniform  size,  laying 
them  on  a  solid  foundation  and  ramming  them  thoroughly, 
the  much  abused  cobble  stone  pavement  can  be  made  almost 
as  smooth  as  wood,  as  the  sample  on  Ionia  street,  from 
Fountain  to  Monroe,  now  witnesses. 

Gravel  has  been  and  is  still  used  here  very  largely  for  the 
improvement  of  streets,  and  where  the  material  is  good,  and 
the  travel  moderate,  it  has  done  excellent  service,  but  where 
there  is  much  travel,  it  wears  out  rapidly,  making  the  streets 
alternately  muddy  and  dusty.  Gravel  of  good  quality  is  be- 
coming very  scarce  within  the  city  limits,  and  if  arrange- 
ments could  be  made  with  some  of  the  railroads  to  haul  it 
in,  it  would  be  advisable  for  the  city  at  an  early  day  to  pur- 
chase a  gravel  bed  outside  the  limits.  Otherwise  we  must 
be  content  with  poor  material  or  find  a  substitute.  For 
streets  of  considerable  travel  an  excellent  material  could  be 
obtained  by  breaking  up  boulders  which  are  too  small  for 
paving.  They  are  very  abundant  here,  and  no  better  or 
more  durable  material  for  mecadamizing  could  be  obtained 
anywhere,  and  if  well  rolled  when  first  laid,  it  would  make 
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an  excellent  and  durable  road  at  about  the  same  cost  as 
boulder  pavement  or  three  times  the  cost  of  gravel.  By 
using  softer  stone  for  the  bottom^  the  cost  could  be  consider- 
ably reduced.  The  labor  of  prisoners  who  are  now  a  charge 
to  the  city,  might  be  profitably  employed  in  preparing  this 
material^  with  the  possible  effect  of  diminishing  the  number 
of  petty  offences. 

The  total  length  of  streets  now  opened  in  the  city  is  about 
129  miles,  of  which,  counting  those  in  progress  as  finished^ 
are : 

Graded  and  Paved  with  wood 0.15  Miles. 

«*        "         "         "     wood  and  stone 0.27  " 

**        "        «*          "     stone 3.25  " 

Graded  and  Graveled  with  Paved  Gutters 1^*53 

Graded   and   Graveled 28.69 

Graded 8.12  " 

Unimproved 70.2O  " 

Total 129.21  Milei^. 

The  Common  Council  having  ordered  the  establishment 
of  the  grades  of  all  streets  which  have  not  been  improved, 
levels  have  been  taken,  and  profiles  made  as  far  as  other 
duties  would  permit,  but  at  our  present  rate  of  progress  it 
will  be  the  work  of  two  or  three  vears. 

In  establishing  the  grades  of  streets  to  be  improved,  it 
has  been  endeavored  in  all  cases  to  fix  them  where  thev 
would  be  permanent,  and  thus  encourage  the  building  of 
permanent  fences,  the  setting  t)ut  of  shade  trees  and  the 
grading  off  of  lots.  This  policy  has  increased  in  some  in- 
stances the  cost  of  the  improvements,  and  given  occasion  to 
complaints  and  dissatisfaction,  but  it  has  been  thought  bet- 
ter to  submit  to  these  complaints,  rather  than  by  adopting  a 
temporizing  policy  to  repeat  in  the  future  the  experience 
which  has  in  the  past  been  so  frequent  in  this  city  and  pro- 
ductive of  so  much  expense  and  annoyance  in  the  regrading 
of  streets  which  had  once  been  graded,  on  account  of  grades 
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having  been  adopted  which  have  since  been  found  to-  be 
unsuitable. 

The  Board  has  also  discouraged,  as  far  as  possible,  the 
improvement  of  streets  without  paving  the  gutters,  which 
in  this  city  jjeems  to  be  indisixjnsable  for  keeping  the  streets 
in  shape. 

BRIDGES. 

New  stone  piers  and  abutments  have  been  constructed  for 
the  Leonard  Street  Bridge,  at  a  cost  of  $2628.71.  One  of 
these  was  somewhat  injured  by  the  ice  this  spring,  and  it 
may  be  necessary  to  construct  ice  breakers  to  protect  some 
or  all  of  them.  • 

At  the  request  of  the  Council  plans  and  specifications 
have  been  prepared  for  an  iron  bridge  across  Grand  River, 
at  the  foot  of  Lyon  street,  to  be  used  for  market  purposes, 
but  no  further  action  has  been  taken  with  reference  to  it. 
The  plan  contemplated  ten  deck  spans  of  57  J  feet  each  and 
100  feet  in  width,  and  two  of  30  feet  each  and  from  30  to 
100  feet  in  width  over  the  river,  and  an  arch  through  truss 
of  100  feet  span  and  30  feet  in  width  over  the  Canal.  The 
estimated  cost  is  $120,000. 

The  repairs  of  bridges  belong  properly  to  the  Council, 
but  under  their  instructions  temporary  repairs  have  been 
made  on  the  Leonard  Street  Bridge  at  a  cost  of  $6()1.96. 
The  Council  has  also  expended  about  $4000  on  the  same 
structure  and  comparatively  small  sums  on  the  Bridge  and 
Pearl  Street  Bridges. 

BUILDINGS. 

Engine  Houses  have  been  constructed  on  Barclay  and 
Scribuer  streets,  the  former  at  a  cost  of  $1180.53,  the  latter 
of  $1070.00.  Both  are  built  on  the  same  plan,  of  brick,  25 
feet  front  by  40  feet  in  depth.  The  plans  and  specifications 
were  prepared  by  John  Grady,  Architect,  of  this  City. 

The  Board  have  adopted  plans  prepared  by  Charles  H. 
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Marshy  of  Rochester,  N.  Y.,  for  the  construction  of  a  City 
Hall,  estimated  to  cost  $56,323.86,  but  the  Council  having 
taken  no  measures  for  providing  the  means,  no  work  has 
been  done.  A  building  of  some  kind,  in  which  all  the 
public  offices  could  be  brought  together,  with  adequate  pro- 
tection against  fire  lor  the  records,  is  greatly  needed. 

PARKS. 

Highland  Park  in  the  4th  Ward  has  been  improved  by 
fencing  on  the  north,  east  and  west  sides,  and  by  trimming 
up  the  trees  and  cutting  out  the  underbrush  and  dead 
timber. 

REPAIRS  OF  SEWERS. 

The  repairs  of  Sewers  is  not  properly  within  the  jurisdic- 
tion of  tlje  Board,  but  by  direction  of  the  Council  the  sum 
of  $194.45  has  been  expended  in  the  repair  of  Sewers  and 
Catch-basins,  and  $283.00  in  constructing  two  new  Catch- 
basins  on  Ransom  street  and  three  on  Fulton  street. 
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The  first  three  of  these  Sewers  are  egg-shaped,  and  eon* 
strueted,  that  in  Pearl  street  of  one  course,  and  the  others 
of  two  courses  of  hard-burnt  brick,  laid  throughout  in 
hydraulic  cement  mortar. 

The  total  length  of  brick  Sewers  constructed  was  1992 
lineal  feet. 

The  remainder,  amounting  to  10804  lineal  feet,  were  con- 
structed of  Vitrified  Fire  Clay  Pipe,  circular  and  from  nine 
to  eighteen  inches  in  diameter,  with  ring  joints. 

The  Sewers  in  Court,  Waterloo  and  Ionia  and  Fulton 
streets  were  constructed  under  contracts  awarded  by  the 
Common  Council  and  completed  under  the  direction  of  the 
Board. 

The  average  cost  of  these  Sewers  was  $1.80i  per  lineal 
foot,  or,  allowing  one-sixth  for  street  crossings,  about  f  1.08 
per  lineal  foot  of  property  frontage  on  each  side.  On  ac- 
count of  the  great  preponderance  of  small  sewers  in  this 
list,  this  is  much  less  than  the  average  cost  of  our  whole 
sewerage  system. 

The  Sewers  in  Fountain  and  Ottawa  and  Pearl  streets, 
amounting  to  1272  lineal  feet,  were  built  to  replace  brick 
Sewers,  which  had  been  brouglft  too  near  the  surface  for 
efficiency,  by  reason  of  the  lowering  of  the  grades  of  the 
streets.  That  in  Erie  street,  and  the  greater  portion  of 
those  in  Bronson  and  Division  streets,  amounting  to  2699 
lineal  feet,  were  built  to  replace  old  wooden  sewers,  which 
had  cither  already  fallen  in  or  were  about  to  fail,  so  that  the 
actual  addition  to  the  sewerage  system  of  the  city  has  been 
but  8825  lineal  feet.  This  addition  has  been  almost  cntirelv 
in  small  sewers  designed  to  drain  single  streets  or  alleys. 
The  only  addition  to  the  system  of  jnain  sewers  was  the  720 
lineal  feet  of  brick  sewer  constructed  in  Lagrave  street. 

There  is  an  urgent  necessity  for  the  extension  of  our  main 
sewers,  and  the  construction  of  new  ones,  in  order  to  reach 
large  sections  of  the  City,  which  are  wet  and  unhealthy,  and 
which  cannot  now  be  drained  for  want  of  outlets.     Long 
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experience  has  shown  that  thorough  drainage  is  one  of  the 
most  efficient  means  of  improving  and  preserving  the  health 
of  cities,  and  the  peculiar  topography  of  our  own  city  makes 
it  especially  necessary  here. 

I  would  recommend  that  early  attention  be  given  to  the 
construction  of  the  following  main  Sewers : 

1st.  The  extension  of  the  Spring  Street  Sewer,  by  way  of 
Williams,  Ionia,  Prescott  and  Division  Streets,  Blakely 
Avenue,  Center  Street,  the  Alley  running  east  and  west  in 
Block  1  of  Blakely's  Addition,  Jefferson  Avenue  and  Pleas- 
ant Street  to  Lafayette  Street  or  Madison  Avenue,  with  a 
branch  in  Wenham  Avenue,  from  Prescott  street  to  Lafa- 
yette Street.  This  w^ould  afford  an  outlet  to  a  large  section 
of  the  First  and  Third  Wards,  which  now  greatly  needs 
drainage. 

2nd.  A  main  sewer  commencing  at  Oakland  Avenue,  at 
the  crossing  of  the  Creek  which  runs  through  Grant's  Ad- 
dition, thence  running  east  through  private  proj)erty  to 
Grandvillc  Avenue,  thence  by  way  of  Prescott  and  Bucha- 
nan Streets,  and  the  right  of  way  of  the  Grand  River  Yal 
ley  Railroad  to  Withey  Street,  with  a  branch  up  Withey 
Street  to  Lafayette  Street: 

This  would  enclose  the  Creek,  which  is  fast  becoming  a 
nuisance,  and  drain  the  swamp  on  Grant's  Addition,  which 
is  now  unfit  for  human  habitation. 

3rd.  A  main  sewer  in  Canal,  Ottawa,  Newberry  (or  Ma- 
son) and  Kent  Streets,  from  the  Detroit  and  Milwaukee 
Railroad  to  Bridge  Street.  This  is  probably  the  only  means 
by  which  that  part  of  the  City,  north  of  Bridge  Street  and 
west  of  the  Town  Line  can  be  effectually  drained.  This 
sewer  would  have  to  go  under  Coldbrook,  and  a  gate  could 
be  arranged  by  which  the  waters  of  the  Creek  could  be  let 
into  the  sewer  from  time  to  time,  in  qualities  sufficient  to 
thoroughly  cleanse  its  entire  lengtli,  including  its  outlet,  the 
Kent  Alley  Sewer,  which  is  constantly  causing  trouble  and 
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expense  by  filling  with  sediment.  The  square  turns  in  Kent 
Alley  Sewer  should  also  be  taken  out  and  easy  curves  sub- 
stituted. 

4th.  A  sewer  in  Plainfield  avenue,  from  Quimby  street 
to  Coldbrook  creek. 

This  sewer  would  cut  off  the  large  bodies  of  water  which 
now  in  time  of  storms  come  down  the  ravines  from  the  high 
grounds  in  the  northeast  part  of  the  city,  and  flood  the  lands 
along  the  river. 

5th.  A  sewer  in  the  Turner  Ditch,  from  Seventh  street  to 
Grand  River. 

The  necessity  of  this  sewer  for  the  health  of  the  wards 
west  of  the  river  is  so  apparent  as  to  make  comment  unnec- 
essarj'. 

6th.  It  is  desirable  that  provision  should  be  made  for  the 
drainage  of  the  territory  bounded  by  Madison  avenue,  Di- 
vision, Withey  and  Hall  streets,  by  a  main  sewer  in  High- 
land avenue,  Monson,  Center,  Greene,  Division  and  Hall 
streets.  The  best  and  cheapest  outlet  for  this  drainage  would 
be  through  Ionia  street  extended  from  Hall  street  to  Rum- 
sey  Creek.  Heretofore  this  has  been  impracticable  from  the 
fact  of  its  being  outside  the  city,  but  it  is  reported  that  the 
Legislature  has  just  passed  an  act  which  will  enable  this 
difficulty  to  be  overcome,  by  the  co-operation  of  the  city  and 
the  town  of  Wyoming. 

The  accompanying  table  gives  a  list  of  all  the  public  sew- 
ers now  in  use  in  the  city,  with  their  lengths  and  sizes  as 
nearly  as  can  now  be  ascertained,  the  old  records  being  very 
imperfect.  From  this  list  it  appears  that  the  total  amount 
of  sewerage  is  as  follows : 

Wooden  Sewers 8,621  lineal  feet  =  r  3341-5280  Miles 

Brick  "        28,922     "         "    =  5    2522-5280 

Clay  Pipe     "         23,198     "         *'    =  4  2078-5280 

Cement  Pipe"        ,    .      2,680    "        ««    =  o  2680-52S0    " 

Total 63,421  lineal  feet  =  12  miles  61  feet. 

Considerable  of  this  amount,  probably  at  least  two  miles, 
is  of  very  little  value,  and  will  soon  have  to  be  rebuilt. 
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The  old  sewers  of  this  city  were  badly  designed  in  loca- 
tion, grades,  shape,  size,  materials  and  construction.  Suf- 
ficient attention  was  not  given  to  the  location  of  the  main 
sewers  on  the  most  direct  lines,  and  the  result  has  been  much 
unnecessary  expenditure  for  construction  and  repairs,  and 
needlessly  long  routes  of  drainage.  This  evil  cannot  now 
be  remedied,  but  can  be  avoided  in  the  location  of  future 
outlet  sewers. 

Some  were  built  so  near  the  surface  that  cellars  cannot  be 
drained  into  them,  and  these  will  have  to  be  lowered,  and 
even  main  sewers  were  built  at  so  little  depth  that  it  is  diffi- 
cult now  to  get  sufficient  depth  and  fall  for  lateral  sewers. 

The  worst  defect  of  location  was  in  making  nearly  all 
changes  of  direction  and  intersections  of  lateral  with  main 
sewers  at  right  angles. 

The  checking  of  the  velocity  of  the  currents  and  conse- 
quent deposit  of  sediment,  resulting  from  this  violation  of 
scientific  principles  has  been  a  constant  source  of  annoyance 
and  expense,  and  will  continue  to  be  until  this  defect  is  cor- 
rected. 

The  old  brick  sewers  were  made  with  the  lower  part 
shaped  like  the  letter  V,  with  the  brick  work  resting  on  a 
triangular  block  of  timber,  and  usually  the  lower  four  or 
five  courses  w^ere  laid  without  mortar. 

The  V  bottoms,  with  few  exceptions,  soon  filled  up  with 
sediment  to  a  considerable  depth,  diminishing  the  capacity  of 
the  sewer  while  the  open  joints  greatly  reduced  its  strength 
and,  while  they  accomplished  to  some  extent  the  object  for 
which  they  were  designed,  of  draining  the  subsoil  water  in- 
to the  sew^er,  they  also,  when  the  subsoil  was  dry,  had  the 
opposite  effect  of  draining  the  fluid  contents  out  of  the 
sewer,  poisoning  the  subsoil,  and  leaving  the  solid  contents 
to  deposit  and  choke  up  the  sewer.  Quicksand  is  also  liable 
to  work  through  the  joints  and  choke  up  the  sewer. 

Many  of  the  early  sewers  were,  from  motives  of  economy, 
made  of  plank  in  bo:x  form,  the  form  a  bad  one,  and  the 
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material  short-lived.  Many  of  these  plank  sewers  have  al- 
ready failed,  and  the  rest  are  rapidly  going  to  decay,  with 
the  single  exception  of  one  in  Newberry  street,  which  was 
covered  on  the  top  and  sides  with  several  inches  of  leached 
ashes,  which  has  preserved  the  wood  so  effectually,  that  after 
more  than  ten  years  of  service,  it  seems  to  be  as  sound  as 
ever. 

The  street  wash,  including  great  quantities  of  sand  from 
the  bluffs,  \vas  admitted  freely  into  the  sewers,  and  rapidly 
filled  up  those  that  had  not  great  inclinations  or  strong  cur- 
rents constantly  running  in  them,  while  the  almost  total  ab- 
sence of  manholes  rendered  the  location  or  removal  of 
deposits  impossible  without  digging  up  the  sewers  at  great 
expense  and  to  the  great  annoyance  and  inconvenience  of 
the  public. 

Parties  tapping  would  knock  boles  into  the  sewers  where- 
ever  it  suited  their  convenience,  leaving  the  debris  in  the 
bottom  of  the  sewer.  The  want  of  rigid  insi^ection  gave 
opportunities  to  dishonest  contractors  to  do  careless  work  or 
use  |)oor  material,  which  were  too  often  improved. 

The  sizes  of  the  sewers  were  too  often  determined  by 
guess  work  or  the  wishes  of  property  ow^ners  without  sufH- 
cient  enquiry  as  to  the  duty  they  would  eventually  have  to 
perform,  and  while  some  are  necessarily  large,  others  are 
likely  to  prove  too  small  for  the  work  which  ought  to  fall 
u{K>n  them. 

The  writer  has  been  laboring  since  he  entered  upon  the 
duties  of  his  office,  to  introduce  a  better  svstem  and  with 
encouraging  success,  and  he  is  greatly  indebted  to  the  Board 
of  Public  Works  and  to  the  several  members  of  the  Council 
before  the  Board  was  organized,  for  their  steady  co-opera- 
tion and  assistance. 

Sewer  PijKJ  was  introduced  in  1869  and  has  since  been 
used  almost  exclusively  for  small  sewers  from  nine  to  twenty- 
four  inches  in  diameter,  and  for  laterals  to  Catch-Basins 
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and  house  drains.  These  pi|)e.s  are  mostly  of  Vitrified  Fire 
Clay,  circular  in  cross  section,  and  made  in  sections  two  feet 
in  length,  connected  by  ring  joints,  which,  we  find,  give 
more  honest  work  in  laying  than  the  huf  and  spigot  joint. 
For  all  sizes  for  which  this  material  is  suited,  these  pij>es, 
with  their  smooth  interior  surfaces,  form  a  much  better 
channel  for  water  than  brick,  even  when  most  carefully 
laid. 

Pipes  manufactured  of  hydraulic  cement  and  sand,  have 
been  used  for  laying  about  half  a  mile  of  sewers,  and  have 
so  far  given  no  trouble.  They  were  somewhat  cheaper  than 
clay  pipes,  but  the  difficulty  of  obtaining  good  pipe,  and  of 
distinguishing  good  from  bad,  has  led  us  to  entirely  abandon 
their  use. 

Brick  sewers  are  now  all  made  egg-shaped,  with  their 
horizontal  and  vertical  di&meters  in  the  proportion  of  2  to  3, 
a  form  which  experience  has  shown  to  be  the  l>est  for  (cov- 
ered channels,  conveying  variable  volumes  of  water. 

All  brick  sewers,  and  the  joints  of  pipe  sewers  are  laid  in 
hydraulic  mortar,  provision  being  made  for  the  drainage  of 
the  subsoil,  when  necessary,  as  is  frequently  the  case  in  this 
city,  by  leaving  small  openings  through  tl\e  upper  part  of 
brick  sewers,  and  laying  the  upper  half  of  the  ring  in  pipe 
sewers  without  mortar,  and  protecting  these  openings  from 
the  admission  of  sand  by  a  covering  of  straw  or  shavings. 
Any  better  method  of  accomplishing  this  object  would  be 
gladly  adopted,  and  I  am  inclined  to  think  that  the  use  of 
hollow  inverts  of  fire  clay  for  brick  sewers  in  wet  ground 
would  answer  the  purpose  better,  if  they  could  be  obtained. 

Branches  in  pipe  sewers,  and  slants  of  sewer  pipe  in  brick 
sewers  are  inserted  opposite  every  lot,  so  that  hereafter 
breaking  into  a  sewer  for  the  purpose  of  tapping  will  be 
inexcusable. 

All  changes  of  direction  and  junctions  are  made  with 
curves  of  as  large  radii  as  practicable.  Man  holes  for  access 
to  the  sewer  and  convenience  in  flushing  are  constructed  at 
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every  change  of  direction,  and  at  every  cross  street  on 
straight  lines,  and  sometimes  at  smaller  intervals.  On  main 
sewers  these  man  holes  are  located  wherever  lateral  sewers 
are  likely  to  come  in,  as  these,  are  the  points  where  sediment 
is  most  likely  to  be  de})osited.  Catch-Basins  are  constructed 
at  all  intersections  of  streets,  and  more  frequently  on  steep 
streets,  to  receive  the  street  wash,  with  traps  to  prevent  the 
admission  of  solid  matter  into  the  sewers.  The  removal  of 
the  deposits  from  these  basins  involves  some  expense,  but 
far  less  thau  its  removal  from  the  sewers.  If  the  ^leaning 
of  these  basins  could  be  attended  to  more  regularly  and  fre- 
quently than  is  now  done,  it  would  undoubtedly  be  condu- 
cive to  the  public  health,  and  it  may  be  necessary  eventually 
to  resort  occasionally  to  the  use  of  disinfectants. 

The  introduction  of  water  works,  will,  as  soon  as  the  new 
l)umping  engines  are  completed,  enable  us  by  occasional 
flushing  to  keep  our  sewers  much  cleaner  than  they  ever 
have  been  heretofore,  with  the  result  no  doubt,  of  an  im- 
provement in  the  health  of  the  city. 

The  writer  has  been  engaged  for  several  years,  when  not 
occupied  by  other  duties,  in  studying  a  plan  for  a  general 
system  of  sewerage  for  the  whole  city,  and  all  new  sewers 
that  arc  ordered,  are  designed,  as  far  as  practicable,  with 
reference  to  this  system,  the  sizes  being  determined  by  the 
formula  in  use  by  the  best  hydraulic  engineers,  and  it  is 
hoped  that  none  of  the  recent  sewers,  or  of  those  that  may 
hereafter  be  constructed,  will  ever  have  to  be  rebuilt  by 
reason  of  defects  in  design,  while  the"*  faithful  performance 
of  the  inspection  authoiizcd  by  the  Act  creating  the  Board, 
will  j)revent  the  necessity  for  such  re-construction  arising 
from  defective  materials  or  workmanship. 
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FIELD  AND  OFFICE  WORK. 

The  ordinary  routine  of  duty  of  the  City  Engineer  a«d 
his  Assistants  includes  the  taking  of  levels  and  measure- 
ments, and  preparing  profiles,  plans,  specifications  and  esti- 
mates of  cost  and  quantities  for  all  improvements  ordere<l 
by  the  Council,  the  setting  of  grade  stakes,  and  preparation 
of  occasional  and  final  estimates  for  contractors,  surveys  and 
descriptions  of  lands  to  be  taken  for  street  openings,  and 
the  fixing  of  disputed  street  lines.  The  construction  of  the 
Water  Workg  has  greatly  added  to  the  ordinary  work  dur- 
ing the  past  two  yeai's,  and  compelled  the  employment  of  an 
increased  force. 

In  addition  to  the  above  work  a  complete  set  of  maps  lias 
been  made  of  the  whole  city,  on  which  the  street  numbers 
of  every  lot  are  shown.  This  work  was  made  necessary  by 
the  action  of  the  Council  in  adopting  a  new  system  of  num- 
bering when  the  system  of  free  delivery  of  the  mails  was 
introduced.  These  ma|3S  are  kept  on  file  at  the  office  for 
the  insiKJction  of  all  concerned. 

The  set  of  Ward  maps  which  is  kept  on  file  has  been  kept 
complete  by  the  addition  of  the  plats  of  all  new  sub-divi- 
sions as  fast  as  made.  The  power  conferred  upon  the  Board 
to  control  these  plats  has  had  a  good  effect  in  preventing 
the  laying  out  of  narrow  streets  and  such  as  would  not  cor- 
respond with  streets  already  laid  out.  It  would  be  well  if 
this  authority  could  be  extended  as  it  is  in  Detroit,  over 
such  territory  lying  outside  the  City  limits,  as  is  likely  at 
some  future  day  to  be  included  in  the  City. 

A  set  of  Maps  is  being  prepared  which  will  show  the  lo- 
cation of  all  the  water  mains,  hydrants,  valves  and  branches, 
and  all  taps  that  have  been  or  may  hereafter  be  made. 
These  maps  are  made  on  a  large  scale  in  sheets,  which,  when 
finished,  can  be  bound  in  Atlas  form  for  preservation  and 
convenience  of  reference. 

The  profiles  and  grades  of  all  streets  and  alleys  that  have 
been  improved,  and  sewers  that  have  been  constructed  since 
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the  organization  of  the  Board,  with  the  location  of  all 
branches  for  tapping  the  sewers,  have  been  recorded  in  rec- 
ord books  manufactured  expressly  for  the  City. 

Whenever  time  and  opportunity  would  permit,  stakes  have 
been  set  to  mark  the  intersection  of  streets,  to  govern  the  sur- 
vey of  lots.  Much  confusion  exists  in  several  of  the  old  plats 
in  consequence  of  errors  in  the  original  surveys,  and  the 
different  methods  that  have  been  adopted  by  different  sur- 
veyors to  rectify  these  errors..  It  is  very  desirable  that  the 
Coin  men  Council  should  exercise  the  authority  conferred  on 
them  by  the  charter,  by  taking  measures  before  land  becomes 
more  valuable,  to  have  accurate  surveys  of  these  plats  made, 
and  the  streets  fixed  by  ])ennanent  monuments,  so  that  this 
confusion  and  the  consequent  litigation  may  be  avoided  in 
future. 

SUMMARY  OF  WORK  DONE. 

In  the  accomi)anying  table  will  be  found  a  list  of  all  tlie 
improvements  made  under  the  direction  of  the  Board,  ex- 
cept Water  Works,  with  the  name  of  the  Contractor  and 
the  cost  for  Construction  and  for  Engineering,  Printing  and 
Assessment.  From  this  table  we  deduce  the  following  sum- 
mary : 

Total  Length  of  Streets  Improved 59,877  Feet. 

"        "   Alleys  " 2,586     " 

"   Sewers  Built 12,896     " 

Total  cost  of  Improvements  let  by  Council  and  completed  by  Board  : 

Sewers $  5,107  14 

Grading 137  30 

Grading  and  Cfraveling 36,522  56 

Grading,  Graveling  and  Sewering 7,675  63 

Grading,  Graveling  and  Paving  Gutters.-  24,234  dG  $73,577  19 
Total  cost  of  Improvements  let  and  completed  by  Board : 

Sewers __|16,354  03 

Grading  and  Paving 10,147  93 

Grading,  Graveling  and  Paving  Gutters.-  52,533  58 

Grading,  Graveling  and  Sewering 2,571  45 

Grading  and  Graveling 2,492  05 

Buildings  and  Miscellaneous 6,312  55  $90,411  59 

Total  cost  of  completed  work $163,988  78 

Add  payments  made  on  work  in  progress 27,816  31 

"    Cost  of  Water  Works  Construction 274,523  10 

"       "      "        "  "      0|)eration — _       6,666  09 

Total  expended  under  Direction  of  th^  Board.. $472, 994  28 
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WATER  WORKS. 

Until  the  year  1849  the  people  of  Grand  Rapids  dej^ended 
entirely  on  wells,  cisterns  or  springs  for  their  supply  of 
water  for  all  purposes,  and  a  large  majority  still  have  no 
other  dependence.  In  that  year  the  Grand  Rapids  Hydrau- 
lic Company  was  organized  for  the  purpose  of  utilizing  some 
large  springs  issuing  from  the  hill  side,  for  supplying  water 
for  domestic  purposes. 

The  accompanying  sketch  of  the  history  and  operations 
of  this  Company,  from  the  hand  of  Joseph  Penney,  Esq., 
will  be  of  much  interest  to  our  citizens  as  a  pi^rt  of  the  his- 
tory of  the  City. 

The  water  furnished  by  this  Company  is  of  excellent 
quality,  and  has  been  largely  used  in  the  lower  portions  of 
the  city,  but,  being  conveyed  in  pump  logs,  not  capable  of 
sustaining  heavy  pressure,  was  of  no  service  for  protection 
against  fire,  except  so  far  as  it  could  be  used  for  filling  the 
public  reservoirs,  which,  with  the  river  and  canals,  were  the 
})rineipal  dejKmdencc  for  supplying  fire  engines.  The  inad- 
ecjuacy  of  this  supply  lead  to  many  destructive  fires,  which 
finally  satisfied  our  people  of  the  necessity  of  some  better 
means  of  protection,  and  after  a  discussion  which  lasted 
several  years  between  the  advocates  of  different  sources  of 
supply,  and  of  the  Reservoir  and  Holly  Systems,  and  inves- 
tigations and  reports  on  both  points  from  J,  L.  Pillsbury, 
Esq.,  and  Peter  Ilogan,  Esq.,  Hydraulic  Engineers,  on 
the  30th  day  of  July,  1873,  the  people  almost  unanimously 
voted  to  raise  $250,000  by  loan,  for  the  construction  of 
Water  Works  on  the  Reservoir  System,  with  Carrier  Creek, 
Coldbrook  and  Lamberton  Lake  suceessivelv  as  sources  of 
supply. 

In  consequence  of  the  difficulty  of  negotiating  bonds, 
arising  from  the  financial  panic,  nothing  could  be  done  until 
the  9th  day  of  October  following,  when  the  Board  of  Public 
Works  received  bids  for  furnishing  and  laying  about  two 
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miles  of  cast  iron  pipe,  with  the  necessary  hydrants  and 
valves,  which  was  as  much  as  the  means  then  in  hand  would 
pay  for.     The  following  is  a  schedule  of  the  bids  received  : 


J.  Flower 
&  Bros. 

H.  A. 
Bfanch. 

C.  Peter- 
son. 

W  fl  finota'NowportMan- 
W.K.toats    ufact'nKOo. 

12  Inch  Pine $3.60  per  lin. foot 

10     •'        •*    2.68 

1   $  3.75 
2.81 
1.20 

58.50 

$3.46 
2.75 
1.00 

63.00 

$104  per  ton 
tt      »•     it 

55.00 

J                 •4                  *4 

1.15    "    **      *• 
42.00 * 

Sinffle  Ilydrantii 

$40.  notinorg 

setting. 

45,  not  inol'g 

settinir. 

(Jato 

12  Inch  Valves.. 

83.00.  incl.  boxes 

110.00 
90.00 

80.00 
60.00 

116.25 

72,  not  incPg 
settintr. 

10      **           *•       i58.00.     •*         ** 

96.25 

55,  not  incl'g 
sotting. 

Special  Castinsrs 

, ,                        , 

6'4c.  p.  lb 

The  contract  was  awarded  on  the  14th  of  October  to 
Charles  Peterson  of  Lockport,  N.  Y.,  who  immediately 
commenced  work  and  completed  it  towards  the  last  of  De- 
cember. His  work  was  well  done  and  has  given  entire  satis- 
faction. Under  this  contract  the  work  done  included  the 
laying  of  ff575|  lineal  feet  of  pijic  and  the  setting  of  20 
Ludlow  Hydrants  and  11  Ludlow  Valves.  Of  the  four 
inch  pipe  129  feet  was  laid  for  the  purpose  of  connecting 
with  the  private  reservoir  of  C.  C.  Comstock,  Esq.,  and  with 
the  pumps  of  A.  Leitelt  Bros.  &  Co.,  Butter  worth  &  Lowe 
and  Nelson,  Matter  &  Co.,  in  order  to  make  the  work  which 
had  been  done  available  for  fire  protection  during  the  win- 
tor,  and  283  feet  of  six  inch  pipe  was  for  branches  to  hy- 
dn^nts. 

The  following  copy  of  the  final  account  with  Mr.  Peterson 

will  show  more  fully  the  character  of  the  work,  and  will  be 

of  interest  to  those  who  desire  to  know  how  the  money  of 

the  public  has  been  expended  : 

5615t  Lineal  feet,  12  inch  pipe ®  $  3.36 $18,866  96 

2649}      "          "    10    "       "   @      2.68 7,108  70 

727}      "          "      6    "        "    ©      1.75 1,273  56 

580}      "          "      4    "       "    — .©      1.00 680  33 

20    Double  Hydrants @    76.00 1,520  00 

5    12  Inch  Stop  Valves.  ^ _©    85.00. 425  00 

3   10      "      "         "      @    65.00 195  00 

16""         "      @    50.00 50  00 
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2     4  Inch  Stop  Valves fe  $32.66 $65  00 

14""         "      not  set 25  00 

16701    Itis  Special  Castings,- ®    00.07A 1,252  87 

277    Cubic  Yards  Extra  Excavation_-_(<r>    00.90 249  30 

11105    tlia  Iron  Pipe,  not  laid _ @    69.00  p.  ton  383  09 

11327}  "      "        "       "       "   : @    45.00  "    "  254  70 

1248    "  Special  Castings,  not  laid ®    00.05* 68  64 

Setting  Safety  Valve.. 31  83 


Total $32,350  00 

The  pipe  "  not  laid"  included  in  this  account  was  such  as 
was  left  over  on  the  completion  of  the  contract,  and  was 
])urchased  by  the  Board  for  use  in  future  repairs  and  exten- 
sions. Some  of  it  has  been  so  used  and  some  is  still  on 
hand. 

No  further  work  was  done  until  April  14th,  1874,  when 
bids  were  received  for  furnishing  and  laying  about  ten  miles 
more  of  pipe.  Accompanying  this  is  a  schedule  of  the  bids 
received. 

After  a  careful  comparison  of  the  bids,  the  contract  was 
awarded  on  the  18th  of  April  to  Thomas  B.  Farrington, 
who  had  associated  with  himself  Mr.  II.  A.  Branch,  and  the 
firm  immediately  commenced  work,  and  completed  their 
contract  in  the  following  November.  The  laying  of  the 
pipe  was  done  under  the  immediate  superv^ision  of  Newton 
T.  Smith,  Assistiint  Engineer,  as  Inspector,  who  faithfully 
discharged  the  duties  of  his  office. 

Mr.  Elihii  Smith  was  employed  for  a  time  at  the  Manu- 
factory at  Bay  City  to  insixjct  the  pipe  before  shipment,  at 
the  joint  expense  of  the  contractors  and  the  city. 
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The  workmanship  of  the  Hydrants  furnished  was  not  en- 
tirely satisfactory  to  the  Board,  and  a  balance  of  $13,758.85 
now  due  the  Contractor  remains  unpaid,  until  they  can  have 
time  and  suitable  weather  to  correct  this  defect.  Of  this 
amount  $10,000  is  to  be  retained  in  the  hands  of  the  City 
as  collateral  to  the  bond  given  by  the  Contractors  to  keep 
the  pipe  in  order  five  years. 

Following  is  the  final  account  of  the  work  done  by  Far- 

rington  &  Branch : 

455.84  Lineal  Feet  20  inch  Iron  Pipe (at    5.28..$  2,406.83 

131.00      "        "      16    "       **        "    fe      3.63.-       475.53 

2,408.91      "        "      16    "     Wood  "    Q^      2.69._    6,479.97 

4,438.05      "        "      14    "         "       "    Light.®      2.17. .    9,630.57 

13,358.18      "        "      12    "         "      "    ®      1.81..  24,178.31 

972.32      "        "      12    "         "       "    Light.®      1.65.  _    1,604.23 

4,176.55      "        "      10    "         "       "    ®      1.59--    6,640.71 

120.00      "        "      10    "         "       "    Light.®      1.45.  _        174.00 

8,820.82      "        "        8    "         "      ''    ®      1.27._  11,202.44 

1,142.08      "        "       8    "         "      "    Light.®      1.16..    1,324.81 

13,603.60      "        "       6    "         "      "     ®      0.99- -  13,467.56 

747.00      "        "       6    "         "      "onBr'ge®      0.90.  -        672.80 

12.55      "        "       6    "   Iron      "     ®      1.22_.         15.06 

6,383.35      "        "       4    "   Wood    "    ®      0.66..    4,213.01 

4  20  inch  Valves. _ ®  265.00--    1,060.00 

4  16    "  "     @  195.00-       780.00 

2  14    "  "     ®  145.00--       290.00 

17  12    "          "     ®  99.00—  1,683.00 

6  10    "          "      — - -®  79.00-  474.00 

8    8"          "     — ®  65.00--  520.00 

16    6    "          **     ®  45.00.-  720.00 

5  4"          "     ®  35.00-  175.00 

117I^wry  Hydrants ®  95.00..  11,115.00 

1  Ludlow  Hydrant ®  57.00—  57.00 

19  Hydrant  Bases ®  25.00--  475.00 

1  "          Head _ 100.00 

159  Plugs _-®  1.50..  238.00 

40247  Ihs  Special  Castings- — @  0.04..  1,609.88 

1844  Cubic  Yards  Extra  Excavation ®  0.45..  829.80 

72  Square    "         "       Paving ®  0.20-.  14.40 

2  Extra  Valve  Boxes — ®  LOO..  2.00 

Total $102,628.91 
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Location  of  i^iPES. 

In  locating  the  pipes  which  have  been  laid  under  thes^ 
two  contracts,  the  selection  of  streets  has  been  made  with  a 
view,  not  so  much  to  obtaining  a  large  revenue  from  the 
domestic  use  of  the  water,  as  to  the  protection  from  fire  of 
as  much  as  possible  of  the  most  valuable  property  in  the 
City,  especially  the  manufacturing  establishments,  which  are 
the  most  important  contributors  to  the  city's  prosperity. 

This  object  has  now  been  mainly  accomplished  and  in  fu- 
ture extensions  of  the  pii)e  system  revenue  will  be  the  most 
important  consideration. 

In  carrying  out  this  design  it  will  be  observed  that  a 
much  larger  proportion  of  the  pipes  that  have  been  laid  are 
of  larger  sizes  than  is  usual,  and  the  cost  has  been  propor- 
tionally great.  In  future  extensions  the  proportion  of  large 
mains,  and  consequently  the  average  cost  will  be  much 
smaller.  The  sizes  of  the  pipes  have  been  determined  with 
reference  to  a  general  plan,  which  has  be^n  prepared  with 
great  care,  and  which,  it  is  thought,  can  be  extended,  as 
needed,  to  the  entire  city,  without  the  necessity  of  ever  re- 
placing any  of  the  pipes  that  have  been  laid,  with  larger 
sizes,  a  necessity  which  has  been  an  occasion  of  great  expense 
to  most  of  our  American  cities.  This  general  plan  includes 
a  number  of  large  mains  branching  out  in  all  directions 
from  the  reservoir,  and  intersected  at  moderate  intervals  by 
cross  mains  of  smaller  size,  while  the  intermediate  spaces 
are  filled  up  by  a  net-work  of  mains  of  still  smaller  size, 
but  of  comparatively  short  lengths. 

KIND  OF  PIPE. 

When  the  first  two  miles  of  pipe  was  laid  in  the  Fall  of 
1873,  the  season  was  so  far  advanced  that  there  was  no  time 
for  investigation  as  to  the  kind  of  material  to  be  used,  and 
cast  iron  was  adopted  in  accordance  with  the  general  usage 
in  this  countr}'.     The  iron  pi|x?s  laid  by  Mr.  Peterson,  as 
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Well  as  those  since  laid  by  Farriiigton  &  Branch,  were  all 
coated  inside  and  out  with  coal-tar  prepared  by  Dr.  Angus 
Smith's  process,  to  protect  them  from  rust,  and  the  fact  tliat 
but  two  breaks  have  occurred  since  the  two  miles  were  laid, 
indicates  that  the  pipe  is  of  good  quality,  and  was  laid  with 
care. 

When  ten  miles  more  were  to  be  laid,  it  became  a  ques- 
tion whether  some  other  kind  of  pipe  could  be  used,  which 
would  be  more  economical  and  equally  serviceable.  To 
determine  this  question  proposals  were  invited  for  Cast  Iron, 
Wrought  Iron — cement  lined,  and  Wood  Pipe,  and  enquiries 
were  made  to  ascertain  as  far  as  practicable,  the  experience 
of  other  cities  which  had  used  the  last  two  kinds  of  pipe. 
When  the  bids  were  opened,  it  appeared  that  a  large  saving 
in  cost  could  be  effected  by  adopting  either  the  Wrought 
Iron — cement  lined,  or  the  Wood  Pipe,  the  advantage  in 
this  respect  being  with  the  wood.  After  careful  considera- 
tion the  Board  determined  to  adopt  the  Wood  pipe  for  all 
sizes  up  to  sixteen  inches,  which  was  the  largest  that  the 
manufacturers  would  venture  to  make,  this  city  being  the 
first  in  which  any  ovet  twelve  inches  in  diameter  has  been 
used.  In  coming  to  this  decision  the  Board  was  governed 
by  the  following  considerations: 

Cast  Iron,  as  a  material  for  water  pipes,  is  subject  to  two 
objections. 

1st.  Its  liability  to  corrosion  and  the  formation  of  tuber- 
(iles  under  the  action  of  soft  water. 

Formerly  this  was  certainly  a  serious  objection  and  Hy- 
draulic Engineers  who  advocate  other  kinds  of  pipe  always 
refer  to  instances  which  occurred  at  Boston,  Torquay  and 
some  other  places,  where  the  capacity  of  the  pii)es  was  con- 
siderably reduced  by  the  formation  of  tubercles,  but  the 
general  introduction  of  Dr.  Angus  Smith's  process  seems  to 
have  proved  an  effective  remedy  for  this  difficulty,  and  the 
fact  that  the  water  here  is  mostly  hard,  which  has  little  effect 
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with  us. 

2nd.  Its  liability  to  fracture  when  subjected  to  blows, 
such  as  occur  whenever  a  hydrant  is  suddenly  closed,  or  in 
any  other  way  a  sudden  check  is  given  to  the  moving  column 
of  water. 

When  such  a  fracture  occurs  it  can  only  be  repaired  by 
cutting  out  a  piece  of  the  broken  pipe  and  sleeving  in 
another. 

Engineers  have  tried  to  remedy  this  objection  by  requir- 
ing unusual  care  in  the  selection  of  material  and  casting  of 
the  pipes,  and  by  giving  them  a  greater  thickness  (and  con- 
sequently weight  and  cost)  than  is  necessary  to  withstand 
the  static  pressure  of  the  water.  That  this  remedy  is  not 
always  effectual^  and  that  the  diiSculty  is  one  that  cannot  be 
entirely  obviated,  except  at  unreasonable  expense,  is  evident 
from  the  long  annual  bill  of  repairs  to  be  found  in  the  re- 
ports of  every  city  in  which  cast  iron  pipe  is  generally  used. 

The  hope  of  saving  this  large  annual  expense,  and  the 
annoyance  to  the  public  of  having  the  streets  frequently 
torn  up  for  repairs,  was  a  sufficient  inducement  to  give  care- 
ful consideration  to  the  claims  of  any  other  material  which 
promised  to  be  free  from  this  defect. 

The  Wrought  Iron  pipe,  lined  with  cement,  and  covered 
on  the  outside,  when  laid,  with  the  same  material,  had  been 
highly  recommended  by  both  Mr.  Pillsbury  and  Mr.  Hogan, 
the  prices  bid  were  much  lower  than  for  cast  iron,  and  the 
experience  of  Charlestown,  New  Bedford,  Hartford,  New 
Haven,  Jersey  City  and  other  cities  where  it  had  been  laid, 
appeared  to  be  favorable.  It  seems  to  be  free  from  the  pe- 
culiar defects  of  cast  iron,  and  to  make  a  safe,  economical 
and  durable  water  pipe,  so  long  as  the  lining  and  covering 
can  be  kept  unbroken,  A  serious  objection  to  its  use  in  bad 
soils  is  the  liability  of  the  lining  or  covering  to  crack  from 
unequal  settlement.  When  this  occurs  the  water  gets  access 
to  the  wrought  iron  and  rapidly  destroys  it.     Several   in- 
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stances  where  this  pipe  had  failed  from  this  caiisfe  were 
brought  to  the  knowledge  of  the  Board,  and  finally  lead  to 
its  rejection,  as  the  character  of  (he  soil  in  many  parts  of 
this  city  is  such  as  to  expose  the  pipe  to  unusual  hazard. 

The  Wyckoff  Patent  Wood  Pipe  which  was  adopted  by 
the  Board,  is  manufactured  from  sound  white  pine  log8,fix)ni 
which  all  bark  and  sap  is  removed,  and  of  such  size  that 
when  bored  the  shell  is  about  three  inches  thick.  The  bor- 
ing is  done  by  peculiar  patented  augers.  The  pipe  is 
strengthened  by  a  band  of  wrought  iron  manufactured  from 
the  best  Lake  Superior  ores,  about  one  inch  in  width,  and 
of  a  thickness  corresponding  wnth  the  pressure.  The  band 
is  put  on  spirally  with  such  force  as  to  sink  its  entire  thick- 
ness into  the  wood,  and  the  ends  are  wrapped  three  times 
around  the  pipe  and  firmly  secured  with  copper  rivets.  In 
the  pipe  laid  here  number  12  iron  was  used  on  the  lower 
levels,  and  number  14  on  the  upper  levels,  where  so  great 
strength  was  not  required,  and  the  spirals  were  about  one 
inch  apart,  leaving  space  between  them  for  tapping.  The 
band  while  being  wrapped  is  passed  through  a  hot  bath  of 
coal  tar  and  asphaltum,  and  the  whole  outside  of  the  pijx*  is 
covered  with  the  same  preparation.  The  joint  is  formed  by 
a  thimble  of  the  same  material  as  the  pipe,  about  six  inches 
long  and  one  inch  thick,  which  fits  equally  into  sockets  in 
the  ends  of  two  adjoining  pipes.  These  thimbles  should  be 
thoroughly  seasoned  so  that  by  swelling  when  wet,  they  may 
make  a  perfectly  water  tight  joint. 

Some  suggestions  have  been  made  towards  the  improve- 
ment of  this  joint,  as  w^ell  as  some  other  points  in  the  man- 
ufacture of  the  pipe,  which  it  may  be  well  to  adopt  if  more 
of  this  pipe  should  be  laid. 

The  pipe  is  constructed  on  the  theory  that  the  required 
strength  is  furnished  by  the  wrought  iron  band  so  long  as  it 
is  kept  from  rusting;  that  this  is  effected  by  the  covering  of 
coal  tar  and  asphalt,  a  substance  not  liable,  when  properly 
prepared,  to  fracture  by  -unequal  settlement ;  that  the  outside 
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of  the  wood  pipe  is  protected  from  decay  by  the  same  means, 
and  the  inside  by  the  constant  presence  of  water;  and  that 
the  elasticity  of  the  wrought  iron  and  wood  will  enable  the 
injHi  to  resist,  without  injury,  the  effect  of  the  water-ram. 

Our  experience  has  been  too  short  to  test  the  truth  of  this 
theory,  but  we  have  abundant  evidence  from  other  cities, 
where  the  pipe  has  been  in  use  for  twelve  years  or  more, 
that  it  has  done  excellent  service. 

From  this  description  it  must  be  very  evident  that  care 
in  the  selection  of  logs,  and  the  manufacture  and  laying,  are 
very  essential  to  the  durability  and  usefulness  of  this  as 
any  other  kind  of  wat^r  pipe. 

The  saving  effected  by  the  adoption  of  this  pipe  over  cast 
iron,  at  the  lowest  prices  bid,  was  $24,330,  which  at  com- 
[K)und  interest  at  8  per  cent  (the  rate  of  interest  of  the  Water 
Bonds)  would  in  fifteen  years  amount  to  enough  to  relay  the 
whole  pipe  system,  if  it  should  go  entirely  to  pieces  at  the 
ond  of  that  time. 

An  incidental  advantage  arising  from  the  use  of  this  pipe 
has  been  the  almost  entire  immunity  from  frost  during  the 
past  severe  winter,  while  many  other  cities  which  use  cast 
iron  exclusively  have  suffered  severely.  But  a  single  in- 
stance has  occurred  of  freezing,  and  that  was  in  a, private 
line  laid  too  near  the  surface,  and  it  has  been  thawed  out 
without  injury  to  the  pipe. 

Another  reason  which  influenced  the  Board  in  selecting 
this  pi|)e  was  the  fact  that  the  contractors  guarantee  their 
work  for  five  years  from  the  time  of  its  comi)letion,  and 
give  bonds  to  the  city  to  keep  it  in  repair  diiring  that  time, 
while  no  bidder  for  cast  iron  pipe  offered  to  guarantee  for 
more  than  one  year. 

HYDRANTS. 

The  hydrants  set  by  Mr.  Peterson  and  one  of  those  set  l)y 
Farrington  &  Branch  are  Two-Nozzle  po«<  hydrants,  manu- 
factured by  the  Ludlow  Valve  Co.  of  Troy,  N.  Y.,  and  are 
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supplied  by  six  inch  branches  from  the  mains.  They  are  of 
excellent  workmanship  and  have  given  good  satisfaction. 
Repairs  liave  been  required  on  two  of  them,  occasioned  by 
gross  carelessness  in  handling. 

If  any  more  post  hydrants  should  be  used  hereafter,  it 
would  be  advisable  to  have  them  made  with  a  separate  foot 
valve,  in  the  branch  or  hydrant,  so  that  the  hydrant  can  be 
taken  up  for  repairs  without  shutting  off  the  mains,  and 
with  a  separate  valve  for  each  nozzle,  so  that  a  second  hose 
can  be  attached  without  shutting  off  the  first. 

These  improvements  have  been  introduced  in  the  Cregier 
Hydrant  and  probably  in  others  also. 

This  style  of  Hydrant  was  adopted  for  the  same  reason 
that  occasioned  the  use  of  cast  iron  pipe,  because  there  was 
no  time  to  investigate  the  merits  of  the  different  styles,  but 
when  the  contract  was  let  to  Farrington  &  Branch,  the 
Board,  after  thorough  investigation,  decided  to  adopt  the 
Lowry  Hydrant  as  better  adapted  to  the  wants  of  this  city. 
This  hydrant  is  set  directly  over  the  main,  and  under  the 
surface  of  the  street,  the  base  forming  the  four  way  or  three 
way  branch  where  two  mains  intersect  and  the  stem  having 
a  diameter  (here)  of  six  inches. 

The  hydrant  is  enclosed  in  a  wooden  box   resting   on   a  { 

brick  foundation,  with  a  heavy  cast  iron  cover,  in  which  is  a 
circular  hole  for  access,  provided  with  a  separate  cover  with 
a  ring  for  lifting  it. 

The  following  advantages  are  claimed  for  this  hydrant : 

1st.  That  by  taking  the  water  directly  from  the  main,  and 
avoiding  the  friction  and  bend  of  the  branch  pipe,  a  greater 
volume  will  be  discharged  with  the  same  pressure  than  from 
a  post  hydrant  of  the  same  size. 

2nd.  That  being  underneath  the  street  and  surrounded  by 
dead  air,  it  is  less  liable  to  be  frozen  in  winter. 

3rd.  That  being  under  ground  and  out  of  sight,  it  is  less 
liable  to  be  injured  by  runaway  teams,  or  tampered  with  by 
thoughtless  or  designing  persons. 
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4th.  That  it  is  cjheajwr  than  the  jio.st  hydrant  if,  in  the 
cost  of  the  latter  is  included  the  cost  of  two  branches  in  tlie 
main  and  the  branch  to  the  hydrant. 

5th.  That  when  in  use,  the  hose  will  not  block  up  the  en- 
tire roadway  of  the  street,  as  is  sometimes  the  case  with  the 
post  hydrant. 

6th.  That  the  hose  head  having  four  openings,  three  for 
hose  connections,  and  one  for  the  suction  pij^e  of  the  steamer, 
it  is  equivalent  to  a  post  hydrant  with  foAr  nozzles. 

The  apparent  disadvantages  are : 

1st.  That  the  hydrant  cannot  be  used  without  a  separate 
hose  head,  weighing  about  thirty  pounds,  which  must  be 
carried  on  every  hose-cart. 

2nd.  That  under  ordinary  circumstances  it  requires  a  little 
longer  time  to  attach  the  hose,  which  in  the  commencement 
of  a  fire  is  an  important  matter. 

3rd.  That  the  covers  must  be  kept  free  from  snow  and 
mud  in  freezing  weather,  and  this  requires  care  and  labor. 

4th.  That  the  iron  covers  being  always  exjwsed,  some- 
times injure  carriages  and  especially  sleighs  moving  rapidly. 

So  far  as  our  short  experience  goes,  the  merits  of  this  hy- 
drant largely  overbalance  the  disadvantages.  The  labor 
required  for  keeping  the  covers  clean  has  not  been  much 
greater  than  for  boxing  the  post  hydrants;  the  firemen  by 
practice  have  learned  to  attach  the  hose  with  but  trifling  loss 
of  time;  there  has  been  no  trouble  from  freezing  except  in  a 
few  instances  were  the  hydrants  leaked,  and  the  hydrants 
have  been  always  accessible  throughout  the  winter  without 
the  trouble  of  removing  and  replacing  a  box.  Some  damage 
has  been  done  to  vehicles  which  might  have  been  avoided 
by  reasonable  care  on  the  part  of  the  drivers. 

The  hydrants  set  here  are  defective  in  some  respects,  both 
as  to  plan  of  construction  and  workmanship.  These  defects 
the  contractors  propose  to  remedy. 
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STOP  VALVES. 

A  Isirger  number  of  Stop  Valves  has  been  inserted  in  our 
pijK?  syst^jm  than  is  usual,  as  it  was  thought  good  policy  to 
divide  the  city  into  small  sections,  so  that  in  case  of  the 
necessity  of  shutting  off  any  section  for  repairs  or  exten- 
sions, but  comparatively  few  consumers  would  be  deprived 
of  the  use  of  the  water.  The  valves  set  by  Mr.  Peterson 
were  of  the  Ludlow,  those  set  by  Farrington  and  Branch  of 
the  Lowry  pattern's. 

BLOW  OFF  AND  SAFETY  VALVES. 

The  main  in  Lyon  street  is  extended  to  the  river,  and  one 
is  laid  on  Allen  street  from  the  Front  street  main  to  the  tail 
race,  to  serve  as  blow-offs  for  emptying  the  mains  when 
necessary  for  cleansing  them  of  sediment  or  for  repairs.  On 
each  of  these  pipes  a  safety  valve  was  inserted,  which  was 
used  to  regulate  the  pressure,  while  direct  pressure  alone 
was  employed,  and  may  now  be  used  if  necessary  to  regu- 
late the  height  of  water  in  the  reservoir.  In  extending  the 
system  it  will  be  advisable  to  occasionally  insert  blow-offs 
connecting  with  the  sewers. 

Api>ended  to  this  reix)rt  will  be  found  schedules  showing 
the  location,  size  and  length  of  all  water  mains  laid,  the 
location  and  size  of  stop  valves,  and  the  location  of  all 
hydrants. 

RESERVOIR, 

The  site  for  the  Jleservoir  was  selected  bv  the  Board  on 
tlie  27th  of  September  1873,  but  owing  to  the  want  of  funds, 
the  difficulty  of  agreeing  with  owners  of  the  projxjrty  to  be 
taken,  and  the  imperfections  of  the  law  for  condemning  land 
for  public  uses,  it  was  not  until  the  following  May  that 
title  was  finally  obtained  through  the  intervention  of  arbi- 
trators. The  grounds  purchased  include  five  and  one  half 
acres  lying  at  the  intersection  of  Livingston  and  Mason 
streets,  on  E.  K.  Powers'  Addition,  and  including  portions 
of  those  streets  which  have  since  been  vacated  by  the  action 
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of  the  Common  Council.  Of  these  grounds  the  reservoir 
and  its  embankment  occupy  two  and  eight-tenths  acres. 
The  cost  of  the  site  was  $25,050. 

Plans  for  the  reservoir  had  in  the  mean  time  been  pre- 
pared by  Mr.  Hogan,  who  had  been  emj)loyed  by  the  Board 
to  superintend  the  construction  oi  the  Water  Works,  and  on 
the  6th  of  June  proposals  were  received  for  its  construe- 
tion. 

Owing  to  the  fact  that  some  changes  in  the  plans  had  been 
decided  upon  by  the  Board,  and  to  the  difficulty  of  making 
a  precise  estimate  of  quantities  before  the  completion  of  the 
work,  they  were  obliged  to  depart  from  the  usual  practice  in 
this  city  and  receive  bids  by  items  instead  of  a  round  sum. 

Only  two  proposals  were  received  of  which  the  following 

is  a  copy : 

PROPOtijALS  FOR  RESERVOIR. 


15rookt*&  S»*kell.     Carter  Brothers. 


Grubbing  and  Clearing 

Excavation   per  Cubic  Yard 

Embankment  "        " 
Puddle 

Gravel  Lining  " 
Brick  Masonry" 


tl  n 

It  n 


Concrete  "        "        "    

Cobble  Stone  Paving,   per  Cubic 

yard,  in  mortar, 

Cobble  Stone  Paving,  per  square 

yard,  in  sand 

Brick  Paving,  per  thousand  brick 

"    8(]uare  yard, 


It  u 


G2  UO 

JpOO  00 

00 

25 

39 

75 

1  09 

1  50 

75 

1  00 

10  50 

J  $17.00  per  sample 
($13.a5  brick  at  |!10 

8  00 

$5  00 

7  no 

9  00 

1  50 

1^7  per  cubic  yard 

17  5(» 

j  $1.50  per  sample 
($1.16brickat$10 

25  00 

$20  00 

$500  00 

Timber  &  Plank,  p.  square  ft.,  B.  M. 

Gate  House  Complete 

Taking  Mr.  Hogan's  estimate  of  quantities  as  correct 
and  adding  $500  to  Brooks  &  SekelPs  bid  for  the  Gate 
Hoii.se,  the  comparative  estimate  of  cost  at  these  bids  was : 

Brook*  &  Sekell $89,565  C4 

Carter  Brothers 56,007  75 


40 

The  actual  cost  of  the  reservoir  as  shown  by  the  final  set- 
tlement just  made,  is  as  follows : 

34854  Cubic  Yards  Embankment ®$  0.89  $13,593.06 

8572      "         "      Puddle _ ®    1.09  9,343.48 

1178  4-10  Cubic  Yards  Concrete  on  Slopes ®    8.50  10,016.40 

722J           "          "            "           "   Bottom- -@    7.50  5,417.50 

45  7-10     "          "      Stone  Masonry.- ®    7.50  342.75 

14             "          "      Brick       "        ®  10.50  147.00 

55             "          "      Puddle  worked  over @    0.40  22.00 

1902i           "          "      Cobble  in  Cement @    7.50  14,268.75 

5673  Square         "           "       "  Sand -®    1.50  851.50 

Cut  Stone  for  Carriage  Truck __ 156.00 

Water  Table  for  Gate  House— 8.62 

Roof  and  Door  for  Gate  House 80.10 

Wire,  Carriage  and  Chain  for  Screen 59.72 

Clearing  and  Grubbing 62.00 

Labor  making  road  around  Reservoir 40.00 

Total _ _ $64,408.88 

The  actual  cost  is  $14,847.24  in  excess  of  the  estimate 
made  at  the  time  of  the  letting. 

This  circumstance  together  with  the  fact  that  Mr.  Hogan 
in  his  report  had  estimated  the  cost  at  $23,249.80  has  led  to 
so  much  criticism  that  an  explanation  will  not  be  out  of 
place. 

In  the  first  place  Mr.  Hogan's  estimate  of  quantities  was 
necessarily  made  on  the  assumption  that  the  site  would  be 
level,  while  on  the  site  finally  selected  there  were  three 
ravines,  which  largely  increased  the  amount  of  embankment. 
In  the  second  place  the  Board  decided  to  make  material 
changes  in  the  plans,  such  as  constructing  stop  walls  along 
the  pipes,  substituting  cobble  stone  paving  for  brick,  and 
concrete  lining  on  the  bottom  for  gravel,  and  increasing  the 
thickness  of  the  concrete  lining  on  the  slopes.  These 
changes  with  some  variations  in  the  actual  measurement 
from  the  estimated  quantities,  made  the  following  changes 
in  the  cost : 
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8918  Cubid  yards  additional  embankment  in  ravines  Qi  $0.39  $3,478.02 
163  4-10  Cubic    yards    additional    Concrete    on 

Slopes r^7  8.50  1,388.90 

799  Cubic  yards  additional  Puddle  over  estimate  (o  109  870.91 

Increased  cost  of  Concrete  Lining  over  Gravel 5,002.75 

"    "   Cobble  Paving  over  Brick, 3,750.47 

Stone  Masonry  in  Stop  Walls,  <fec., 342.75 

Screen,  Track  and  Road  (not  included  in  estimate) 255.72 

Puddle  worked  over 22.00 

$15,111.28 
Deduct  cost  of  Gate  House  less  than  bid 264.28 

Balance  increased  cost $14,847.24 

These  same  changes,  together  with  the  fact  that  the  Board, 
in  order  to  get  more  head  to  the  water,  decided,  previous  to 
the  lettings,  but  subsequent  to  Mr.  Hogan's  estimate  of  cost, 
to  raise  the  reservoir  five  feet  higher  than  he  had  planned, 
will  largely  diminish  the  discrepancy  between  that  estimate 
and  the  actual  cost.  This  discrepancy  was  originally 
$31,159.08.  By  making  the  estimate  conform  to  the  changes 
made,  and  taking  Mr.  Hogan's  prices  as  far  as  practicable, 
the  discrepancy  will  be  reduced  as  follows: 

Original  estimate - $23,249.80 

Deduct  Valves  (not  included  in  Brooks  &  Sekell's 

contract). _.. $   375.00 

Deduct  Sodding  (not  included  in  Brooks  ASekeirs 

contract) .__ 800.00 

Deduct  Fencing  (not  included  in  Brooks  &  Sekell's 

contract) _     475.00 

Deduct  Gate  House  (original  plan  abandoned) 2,000.00 

"       4492   Cubic    yards  excavation   saved   by 

raising  reservoir,  Or  20c 898.40    4,548.40 


-r- 


Leaves $18,701.40 
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Add  9317  Cubic  yards  embankment  added  by  rais- 
ing Reservoir,  @  30c._ .._f2,795.10 

Add  8918  Cubic  yards  embankment  added  by  Ra- 
vines, (a..  30c. J -_  2,675.40 

Add  1317  Cubic  yards  Puddle  added  by  raising 

Reservoir 658.50 

s 

Add  Change  Concrete  Lining  for  Gravel 5,002.57 

Add         "       Cobble  Paving  for  Brick 3,750,47 

Add  Additional  Concrete  on  Slopes 1,388.90 

Gate  House,  Stop  Valves,  Screen  and  Road 834.19  17,105.31 

Making  the  estimate  now  stand 135,806.71 

And  reducing  the  discrepency  to $18,602.17 

Probably  if  Mr.  Hogan  had  made  his  estimate  after  the 
Board  decided  to  rai.se  the  Re.servoir  he  would  have  made 
some  changes  in  his  prices. 

The  contract  was  awarded  on  the  r2th  of  June  to  Thad- 
deus  C.  Brooks  and  AlfredC.  Sekell,  who  immediately  com- 
menced work.  It  w'as  not  expected  nor  required  that  they 
should  do  more  during  the  season,  than  would  permit  ten 
feet  of  water  to  be  maintained  during  the  Avinter,  but  un- 
usually favorable  weather,  and  the  energy  of  the  contractors 
enabled  them  to  substantially  complete  the  work  before  the 
setting  in  of  frosts  sufficiently  severe  to  injure  the  masonry. 
Since  the  opening  of  Spring  they  have  trimmed  up  the 
banks,  and  repaired  the  slight  damage  done  to  the  paving 
by  ice,  and  the  work  is  now  completed  with  the  exception  of 
sodding,  w^nch  was  not  included  in  their  contract.  The 
work  was  done  under  the  supervision  of  William  Thornton, 
C.  E.,  who  was  appointed  by  the  Board  as  Inspector,  and  to 
his  constant  and  intelligent  attention,  to  the  disposition 
manifested  by  the  contractors  to  do  good  and  honest  work, 
and  to  tlie  wisdom  of  the  Board  in  making  necessary  changes 
in  the  plans,  the  City  of  Grand  Rapids  is  indebted  for  what 
is  probably  one  of  the  best  reservoirs  in  the  Western  States. 

The  reservoir  is  in  plan  a  circle  196  feet  in  diameter  at 
the  bottom  and  271  feet  at  the  top,  and  25  feet  in  depth,  of 
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which  on  an  average  4i  feet  is  in  excavation  and  20 J  feet  in 
embankment.  The  water  line  is  intended  to  be  kept  at  a 
height  of  20  feet  above  the  bottom,  and  when  full  to  this 
height,  the  reservoir  will  contain  six  million  gallons,  and 
the  water  line  will  be  177  feet  above  low  water  in  Grand 
River  at  the  foot  of  Fulton  street,  or  1 54 J  feet  above  the 
intersection  of  Monroe,  Canal  and  Pearl  streets. 

The  embankment  is  twelve  feet  wide  on  the  top,  and  has 
an  inner  slope  of  li  feet  horizontal  to  1  foot  vertical,  and 
an  outer  slope  of  2  to  1.  It  is  formed  mostly  of  sand,  the 
only  material  that  could  be  obtained,  of  which  part  was  ob- 
tained from  the  excavation,  and  the  remainder  borrowed 
from  Livingston  street  and  adjoining  lots.  All  roots,  stumps 
and  sod  were  first  removed  from  the  base  of  the  embank- 
ment, and  the  embankment  was  then  made  in  layers  of  about 
eight  inches  in  thickness,  and  kept  w^ell  wet  down,  and  com- 
pacted as  much  as  possible  by  rolling  and  the  travel  of  the 
teams.  The  surface  soil  was  reserved  and  u.^ed  for  making 
the  outside  of  the  embankment. 

A  vertical  wall  of  puddle,  eight  feet  in  width  at  the  bot- 
tom and  five  feet  at  the  top,  and  of  an  average  height  of 
21 J  feet,  is  carried  up  through  the  center  of  the  embank- 
ment, from  the  natural  surface  to  within  three  feet  of  the 
top.  A  layer  of  puddle  extends  from  the  foot  of  the  verti- 
cal wall  nearly  horizontally  along  the  natural  surface  to  the 
paving  of  the  inner  slope,  having  a  thickness,  of  3  feet  at  its 
junction  with  the  vertical  wall  and  2  feet  at  the  inner  slope. 
This  layer  is  carried  down  under  the  paving  of  the  slope  and 
under  the  bottom  of  the  reservoir,  with  a  thickness  of  one 
foot,  except  under  the  toe  of  the  slope  paving,  wOiere  its 
thickness  is  1.6  feet.  This  puddle  is  formed  of  clay  and 
sand  mixed  in  suitable  proportions,  depending  on  the  qual- 
ity of  the  material,  kept  constantly  wet  and  thoroughly 
worked  up  with  spades  in  layers  about  six  inches  in  thick- 
ness, until  it  is  perfectly  water-tight. 


44 

The  inner  slopes  of  the  reservoir,  to  within  two  feet  ver- 
tieally  of  the  top  of  the  bank,  are  paved  with  cobble  stones 
set  at  right  angles  to  the  face  of  the  slope,  Avith  all  interstices 
filled  with  cement  mortar.  The  thickness  of  this  paving  is 
one  foot,  no  stones  of  less  depth  being  admitted.  It  rests 
on  a  bed  of  concrete  one  foot  in  thickness,  formed  of  1  part 
hydraulic  cement,  2  of  sand,  2  of  screened  gravel  and  3  of 
broken  stone.  The  upper  two  feet  vertical  of  the  slopes  is 
j)aved  with  cobble  stones  six  inches  in  depth  set  in  sand,  and 
this  paving  is  carried  back  on  the  top  of  the  bank  to  a  dis- 
tance of  2J  feet  from  the  inner  edge.  The  bottom  of  the 
reservoir  is  2)aved  in  the  same  manner  as  the  slopes,  except 
that  the  concrete  and  stone  paving  are  each  eight  inches  in 
thickness,  and  the  concrete  is  made  with  gravel  instead  of 
broken  stone.  The  original  plan  piovided  for  a  paving  on 
the  bottom  six  inches  in  thickness,  resting  on  a  lining  of 
gravel  of  the  same  thickness,  but  the  Board  decided  to  adopt 
the  greater  thickness,  and  the  use  of  concrete  instead  of 
gravel,  for  greater  safety,  on  account  of  the  extremely  per- 
vious nature  of  the  soil,  and  the  disastrous  consequences 
which,  from  the  location  of  the  reservoir,  would  be  likely  to 
result  from  leakage.  The  plan  also  provided  for  a  paving 
of  brick,  but  on  account  of  the  difficulty  of  obtaining  brick 
which  would  resist  frost  without  injury,  it  became  uecessfiry 
to  substitute  cobble  stone  paving.  Both  these  changes  some- 
what increased  the  cost  of  the  reservoir,  but  added  greatly 
to  its  safety  and  efficiency. 

The  force  main  16  inches  in  diameter  coming  up  Mason 
street  from  the  west,  and  the  outlet  pipe  20  inches  in  diame- 
ter, passing  out  to  the  south  in  Livingston  street,  are  of  cast 
iron,  and  are  carried  under  the  embankment  in  trenches  cut 
in  the  natural  surface.  At  each  joint  a  stop  wall  of  masonry 
is  built  to  prevent  settlement  of  the  pipe  and  to  prevent 
water  from  following  it.  These  walls  on  the  force  main  are 
2.5x3.4  ft.x4  ft.  and  those  on  the  outlet  pipe  3.2  ft.x3.8  ft.x4ft. 
The  inner  end  of  the  force  main  is  enclosed  in  a  solid  mass  of 
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masonry  of  the  form  shown  in  the  accompanying  cross  sec- 
tion. The  end  of  the  pipe  is  turned  up,  but  a  horizontal 
branch  now  closed  with  a  plug,  affords  means  for  emptying 
the  reservoir  when  necessary. 

The  gate  house  on  the  outlet  pipe  is  a  plain  brick  struc- 
ture, eight  feet  scpiare  and  ten  feet  high  with  flat  roof,  and 
is  located  at  the  outer  toe  of  the  embankment. 

The  inner  end  of  the  outlet  pipe  is  connected  with  a 
chamber  of  brick  masonry  three  feet  square,  open  at  the 
top,  the  opening  being  covered  with  a  screen  of  no.  13  cop- 
per wire  with  J  lYich  meshes.  The  screen  is  attached  to  a 
carriage,  which,  when  necessary  for  cleaning  or  repairs,  can 
be  drawn  up  a  grooved  track  of  Joliet  flagging,  by  means 
of  a  chain  passing  over  a  windlass  at  the  top  of  the  bank. 
The  windlass  is  yet  to  be  provided. 

In  order  to  protect  the  outer  slope  of  the  embankment 
from  wash,  it  will  be  necessary  to  sod  it,  or  sow  it  down 
with  grass  seed  during  the  coming  season. 

In  order  to  provide  for  emptying  the  reservoir  in  case  of 
necessity,  a  waste  pipe  twelve  inches  in  diameter  has  been 
laid  down  Mason  street,  from  a  branch  in  the  force  main 
near  Ionia  street  to  the  River.  This  pipe  would  empty  the 
entire  reservoir  in  about  nineteen  hours. 

A  rough  tight  board  fence  eight  feet  in  height  has  been 
built  around  the  toe  of  the  embankment  to  keep  out  persons 
who  have  caused  annoyance  by  throwing  stones  and  sticks 
into  the  reservoir. 

ENGINE  HOUSE. 

The  site  for  the  Engine  House  was  purchased  in  January 
1874,  for  ?5000,  and  includes  five  lots  on  the  northwest 
corner  of  Canal  and  Coldbrook  streets,  2">()  feet  on  Canal 
street  and  186  on  Coldbrook,  having  Grand  River  on  the 
west,  and  including  the  mouth  of  Coldbrook  Creek. 

A  site  on  higher  ground  was  at  first  contemplated,  but 
difficulties  in  procuring  water  rights  on  streams  from  which 
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it  was  ex|)ectecl  to  ohtiiiii  the  supply  of  water,  made  it  advis- 
able to  locate  the  works  near  the  river,  so  that  if  necessary 
the  water  of  thes^i  streams  could  be  taken  near  their  mouths, 
and  the  water  from  the  river  could  be  used  as  a  temporary 
supply.. 

The  j)laus  and  specifications  were  i)repared  by  Mr.  Hogan, 
the  details  by  Mr.  D.  S.  Hopkins,  Architect,  and  the  con- 
tract let  August  1st.  Owing  to  uncertainty  as  to  the  depth 
of  the  bed  rock,  and  the  jn-obability  of  changes  in  the  j)lans 
for  the  Engine  beds,  the  foundations  and  excavation  were 
bid  for  by  the  cubic  yard.  Filling  was  also  bid  for  in  the 
same  way,  as  the  Board  did  not  desire  to  do  anv  more  at 
present  than  was  absolutely  necessary. 

Six  bids  were  received  of  which  the  following  is  a 
schedule : 


!  BUILDING.;     FOUNDATIONS. 


KXCAVATION. 


FILLING. 


Kobert  Hilton  A:  J?<)n.,    ^IJ.KK)   ^4.25  per  cb.  yd.i4()c.  per  eb.  yd.  2,'xi.  per  cb.  yd. 


Juhn  S.  Forr  &  Co... 

J.   H.  Courtney 

Harvey  Varcent 

Walter  L.   Culver  & 
James  Curtis 


William  Maunder  A" 
Joel  Collins 


r^.OlU  '  4.JK) 
18.H()() 


•  t      » t 


H).r)2r) 

incl.Oft. 
of  foun- 
dation. 

12.043 


3.')<»  per  poreh. 
3.00    •* 


2.40  per  perch. 


.'«)c. 


•  t     *  • 


:We. 


1 1       .. 


$1.00 
25c. 


;)0c. 
25e. 


.V>e. 


•.V)Q. 


The  contract  was  awarded  to  Robert  Hilton  &  Son,  with 
whom  Robert  Davidson  was  associated,  and  the  w'ork  has 
just  been  completed,  but  not  yet  accepted.  The  following 
is  the  final  account  of  work  done  under  the  contract: 

Carpenter  Work  on  Building,  as  per  contract 15,100.00 

Mason  "      "         "  "    "         "       ._  7,000.00 

906  Cubic  Yards  Excavation,  (o)  40  cents 362.00 

1337  Cubic  Yards  Filling,  fe,  25  cents 334.25 

1569  67-100  Cubic  Yards  Stone  Masonry,  (a,  $4.25  6,671.10 

Extra  Carpenter  Work,  not  in  specificationg 613.62  $20,390.20 

Deduct  23.]  squares  Brick  flooring,  (ir  $5.70 133.95 


Total $20,256.25 

The  above  work  includes  settling  well,  culvert  and  valve 
chambers  outside  the  building,  and  retaining  walls  106  feet 
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long  and  6  feet  4  inches  high  on  both  sides  of  the  creek 
from  the  culvert  under  Canal  street  to  the  river. 

Other  parties  have  furnished  materials  and  labor  to  the 
amount  of  J962.21,  making  the  total  cost  to  date  $21 ,018.46. 

There  is  still  to  be  done  to  complete  the  work  the  gas  fit- 
ting, plumbing  and  painting  of  the  building,  the  laying  of 
floors  in  the  Engine  and  Boiler  rooms,  some  additional  filling 
on  the  grounds  and  a  fence  around  them,  an  arch  over  the 
creek,  and  a  shed  for  storing  fuel. 

The  foundations  of  the  building  and  of  the  Engine  and 
Boiler  beds  rest  on  the  solid  limestone  rock,  which  here 
forms  the  bed  of  the  river,  and  was  found  at  an  average 
depth  of  13  feet  lOJ  inches  below  the  top  of  the  water  table. 
The  foundations  of  the  building,  to  within  two  feet  of  the 
water  table  are  of  rubble  masoniy,  with  an*  average  thick- 
ness of  3  feet  10  inches  on  the  bottom  and  2  feet  3  inches 
on  the  top.  The  upper  two  feet  is  of  coursed  mason  rj- 
eighteen  inches  thick.  The  water  table,  window  sills  and 
coping  of  the  engine  beds,  are  of  Joliet  limestone;  all  the 
rest  of  the  stone  was  taken  from  the  bed  of  the  river,  except 
a  few  boulders. 

The  water  table  is  2  feet  above  the  adopted  grade  of 
Canal  street,  and  6  feet  9  inches  above  high  water  mark. 

The  outside  dimensions  of  the  building  are:  Tower 
16'xir,  Engine  Room  74'8"x44^  Boiler  Room  40'8"x42'. 
The  walls  are  of  hard  burnt  brick  sixteen  inches  thick. 

The  building  is  covered  with  a  Mansard  roof,  with  dormer 
windows,  which,  over  the  tow^er  and  engine  room  forms  a 
second  story.  The  deck  of  the  roof  is  covered  with  tin  and 
the  sides  with  slates. 

The  engine  and  boiler  foundations  are  constructed  for  two 
sets  of  machinery,  but  only  one  wmII  be  used  at  present.  The 
former,  as  well  as  the  settling  well  and  connections,  were 
built  under  the  supervision  of  Mr.  Charles  W.  Knight,  who 
showed  himself  entirely  competent  for  the  position.  The 
boiler  foundations  are  of  solid  masonry,  each  12'x25'  and 
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14 J  feet  high.  Some  expense  might  have  beeii  saVed  by 
making  them  holloAv,  and  filling  them  with  sand,  but  this 
was  not  in  the  plans,  and  was  not  thought  of  in  time. 

The  foundation  of  the  chimney  is  of  solid  masonry,  lo 
feet  2  inches  in  height,  hexagonal,  6 J  feet  on  a  side,  2  feet 
below  the  water  table  and  8i  feet  at  the  bottom,  the  upjwr  2 
feet  being  vertical  and  h\  feet  on  a  side.  The  shaft  is  101 
feet  in  height  above  the  water  table,  and  is  built  of  brick 
and  surmounted  by  a  cast  iron  cap.  The  hot  air  flue  is  4 
feet  in  diameter  and  is  lined  with  fire-brick  for  3  feet  below 
and  10  feet  above  the  smoke  flue  entrance. 

The  settling  well  is  ten  feet  in  inside  diameter  and  13i 
feet  deep.  The  walls  are  of  brick,  12  inches  in  thickness 
for  the  first  4  feet  9  inches  and  8  inches  thick  for  8  feet  9 
inches.  It  is  connected  by  a  brick  conduit  37 J  feet  long, 
and  2  feet  in  diameter  with  8  inch  walls,  with  Coldbrook 
Creek,  from  which  the  supply  of  water  will  be  taken  for  the 
present.  A  20  inch  cast  iron  suj)ply  pii)C,  connecting  with 
the  pump  well  is  laid  in  such  a  manner  that  the  future  sujw 
ply  can  be  brought  in  either  from  the  north  or  east.  For 
the  present  it  is  connected  with  the  setting  well  by  a  branch 
which  can  be  shut  off  by  a  valve,  when  anv  other  source  of 
supply  than  Coldbrook  is  to  be  used. 

PUMPING  MACHINERY. 

Proposals  for  constructing  and  setting  up  Pumping  Ma- 
chinery, including  Engines,  Boilers  and  Pumps,  were  re- 
ceived on  the  31st  day  of  March,  1874.  Each  bidder  was 
permitted  to  propose  machinery  of  such  design  as  he  saw  fit, 
but  with  the  restriction  that  it  must  be  capable  of  raising 
1,250,000  gallons  of  water  160  feet  high  in  12  hours.  The 
following  bids  were  received  : 

HENRY  C.  11ASKP:LL,  ALUANV,  N.  Y. 

Low  Pressure  Beane  Engine^  20"  bore,  42"  stroke. --|l:3,(MK) 
Two  Tubular  Boilers  4'9"  &hell,  15'  long,  with  100-3" 

tul)es - - 4,()0'>   $17,000 
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WEIMER  &  BIRKINBINE,  PHILADELrHIA,  PENN. 

Condensing  Engine  40*'  Steam  Cylinder,  10"  Water 

Cylinder,  4'  stroke $14,800 

Boilers 3,700 

$18,500 
E.  P.  ALLIS  &  CO.,  MILWAUKEE,  WIS. 

Horizontal  Condensing  Engine  24''  Steam  Cylinder,  IG" 
Water  Cylinder,  3'  stroke.— Two  Tubular  Boilers  54" 
diameter,  16*  long __ $20,000 

HENRY  R.  WORTHINGTON,  NEW  YORK. 

Duplex  Condensing  Engine  and  Boilers,  including  founda- 
tions six  feet  high.  Steam  Cylinders  48"x3G"  and  24"x 
30",  Water  Cylinder  17.}"x36" —  $21,500 

Duplex  Non-Condensing  Engine  &  Boilers 17,000 

HOLLY  MANUFACTURING  CO.,  LOCKPORT,  N.  Y. 

Engine,  Pumps  and  Boilers  complete,  4  Steam  Cylinders  18" 
diameter  27"  stroke.  Water  Cylinders  10}"  diameter, 
3  Tubular  Boilers  5'  diameter  16'  long,  with  52  3:|"  tubes  $40,000 

VERGENNES  MACHINE  CO ,  VERGENNES,  VT. 

One  set  J.  P.  Flanders*  Double  Acting  Plunger  Pumps,  with 
2  Cylinders  14"x20",  One  Corliss  Engine  150  Horse 
Power,  Two  Tubular  Boilers  100  Horse  Power,  each___   $29,600 

Two  Flanders'  Pumps  with  two  Cylinders  each,  and  above 

steam  power 20,000 

One  Pump  as  above  without  steam  power 13,600 

Two  Pumps  as    "  "  "  "     13,600 

Each  st»t  to  have  the  same  capacity. 

COPE  &  MAXWELL,  CINCINNATI,  O. 

Compound  Duplex  Engine,  Steam  Cylinders  24"x48"   and 

14"x48",   Water  Cylinder  12"x48"  with  boilers $20,360 

Compound  Condensing  Engine,  Steam  Cylinders  34"x48" 

and  20"x48",  Water  Cylinder  17"x48"  with  boilers.. _  17,360 
Duplex  Non-Condensing  Engine,  Steam  Cylinders  20"x48", 

Water  Cylinders  12"x48" ..* 13,360 

Direct  Acting  High  Pressure  Engine,  vSteam  Cylinders  30"x 

48",  Water  Cylindera  17"x48" _     12,300 
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CHARLES  B.  HAEDICK,  BROOKLYN,  N.  Y. 

Two  Niagara  Direct  Double  Acting  Piston  Pumps,  Steam 
Cylinders  32"x48",  Water  Cylinders  16"x48",  without 
boilers -_ - $12,000 

WATERTOWN  STEAM  ENGINE  CO.,  WATERTOWN,   N.  Y. 

Two  Double  Acting  Piston  Pumps,  Cylinders  16"x42" $8,200 

Two  Condensing  Engines,  Cylinders  15"x24"and  two  return 
tubular  boilers  GO"  diameter  12*  long,  each  having 
70  3"  tubes 8,G80 


$16,880 

BUTTER  WORTH  &  LOWE,  GRAND  RAPIDS,  MICH. 

Dt)u])lo  Acting  Condensing  Engine,  Steam  Cylinder  33" 
diameter.  Water  Cylinder  10"  diameter,  6  feet  stroke 
and  Tubular  Boiler  G\  feet  diameter,  16  feet  long  with 
90  4  inch  tubes... —    $16,500 

Before  making  their  award  a  committee  of  the  Board  vis- 
ited South  Bend,  Toledo  and  Detroit,  and  examined  the 
j)u*mi)ing  engines  in  these  places,  and  after  their  return  the 
contract  was  awarded  on  the  18th  of  April  to  Butterworth 
&  liOwe. 

The  contract  with  these  gentlemen  provided  that  the  ma- 
chinery should  be  completed  and  set  up  by  the  1st  day  of 
November  1874,  but  various  causes  have  delayed  the  com- 
pletion of  the  contract,  and  the  machinery  is  not  yet  ready 
for  use.  It  is  hoped  that  it  will  be  in  operation  some  time 
during  the  present  month. 

The  machinery  was  designed  by  Mr.  Demetrius  Turner, 
Mechanical  Engineer  of  this  city,  and  has  been  constructed 
under  his  suj^ervision  as  Inspector  oii  behalf  of  the  Board. 
Some  additions  have  been  made  to  the  original  design,  such 
as  a  water-leg  on  the  boiler,  w^hich  will  somewhat  increase 
the  cost. 

It  is  expected  that  this  machinery  will,  for  a  number  of 
years,  be  able,  by  pumping  from  six  to  twelve  hours  a  day, 
to  su])ply  all  the  water   that  will  ordinarily  be  consumed, 
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aiiil  that  it  will  be  a  long  time  before  it  will  be  neeessary  to 
duplicate  it. 

The  Force  Main  16  inches  in  diameter  passes  from  the 
engine  house  in  a  curve  across  Canal  and  Coldbrook  streets 
to  the  head  of  Ottawa  street,  thence  south  in  Ottawa  street 
to  Mason  street,  and  east  in  Mason  street  to  the  reservoir. 
The  large  mains  now  laid  in  Ottawa,  Mason  and  Canal 
streets,  connect  directly  with  the  Force  Main,  and  tlirougii 
these  all  other  mains  are  so  connected.  This  method  of 
piping  makes  our  system  of  Water  Works  a  combination  of 
the  Direct  Pressure  and  the  Reservoir  Systems,  the  pressure 
upon  the  pumps  being  regulated  by  the  head  of  the  reser- 
voir instead  of  any  special  machinery.  Ordinarily,  while 
the  pumps  are  running,  the  supply  will  be  by  the  direct 
pressure,  the  surplus  only  going  into  the  reservoir,  to  be 
drawn  on  when  the  pumps  are  shut  down.  In  case  however 
of  a  great  conflagration,  if  another  should  ever  occur,  the 
reservoir  may  be  shut  off,  and  the  pressure  in  the  jiipos 
raised  as  high  as  the  capacity  of  the  pumps  will  permit.  In 
this  way  the  main  advantage  of  direct  pressure  will  be  at- 
tained, while  the  heavy  expense  attendant  upon  constant 
pumping  for  ordinary  service  will  be  avoided,  and  we  shall 
have  the  additional  safety  of  a  reserve  constantly  stored  in 
the  reservoir  to  meet  any  temporary  failure  of  the  pumi)S, 
which  is  out  of  the  question  in  every  system  where  direct 
pressure  alone  is  used. 

TEMPORARY  PUMPING  MACHINERY. 

When  the  pipe  was  laid  in  the  Fall  of  1873,  the  City 
having  no  pumping  machinery  of  its  own,  connections  were 
made  with  the  pumps  of  Messrs.  Nelson,  Matter  &  Co., 
Butterworth  &  Lowe,  A.  Leitelt  Bros.  &  Co.,  and  C.  C. 
Comstock  and  the  small  private  reservoir  of  Mr.  Corastock, 
for  the  purpose  of  temporary  fire  prelection  and  supply  of 
consumers. 

Before  the  pipe  was  laid  over  Pearl  Street  Bridge,  con- 
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nections  were  inutle  with  the  pumps  at  the  Brush  Factory, 
Star  Mills  and  Powers'  Mill  for  similar  use  on  the  west  side. 
Several  of  these  pumps  being  rotary,  soon  got  out  of  order, 
and  were  unable  to  furnish  the  necessary  supply,  especially 
during  the  construction  of  the  reservoir,  which  required 
large  quantities  of  water.  The  Board  was  therefore  com- 
pelled to  purchase  in  August,  1874,  a  Worthington  Duplex 
high  pressure  pumping  engine,  with  Steam  Cylinders  18 J 
inches  and  Water  Cylinders  14  inches  in  diameter  and  10 
inches  stroke. 

This  engine  was  set  up  on  a  timber  foundation  on  the  east 
bank  of  the  river,  at  the  foot  of  Mason  street,  and  con- 
nected with  the  12  indi  main  on  that  street.  A  boiler  was 
hired  of  A.  Leitelt  Bros.  &  Co.,  but  proving  of  insufficient 
caj>acity  during  the  extreme  cold  weather,  a  second  one  was 
hired  of  the  siime  parties.  The  cost  of  this  engine,  includ- 
ing freight,  foundations  and  setting  up,  was  $2,331.75.  Up 
to  the  present  time  it  has  furilished  all  the  water  necessary 
for  ordinaiy  consumption  and  fire  purjwses,  and  when  the 
new  engine  is  completed,  this  one  can  be  sold,  or  set  up  in 
the  new  engine  house,  to  be  used  as  a  reserve  in  case  of 
neccssitv. 

A  rough  frame  building  has  been  built  over  the  engine  at 
an  expense  of  1^250.39,  ^vhich  by  the  terms  of  the  lease  of 
the  site,  is  to  belong  to  the  owner  of  the  ground,  when  no 
K)nger  needed  by  the  city. 

PIPE  ACROSS  GRAND  RIVER. 

The  original  plan  of  the  Board  for  supplying  that  part  of 
the  city  lying  west  of  Grand  River,  was  by  a  cast  iron  pijw, 
with  eJ.  F.  Ward's  or  some  other  flexible  joint,  laid  in  a 
trench  excavated  in  the  rock  bed  of  the  river. 

The  bids  received  for  this  work  were  so  high,  that  this 
plan  was  for  a  time,  abandoned,  and  the  Board  concluded  to 
try  a  wooden  pipe  suspended  by  cables  from  the  piers  of  one 
of  the  bridges,  and  protected  from  frost  by  a  covering  of 
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felt.  Further  reflection  lead  to  tlie  abandonment  of  tlii.s 
project,  the  principal  inducements  being  tlie  frail  cbaraeter 
of  the  old  piers,  and  the  danger  of  injury  to  the  ])ipe  in  case 
the  bridge  should  take  fire. 

The  Board  then  returned  to  their  original  plan  of  laying 
the  pipe  in  the  bed  of  the  river,  but  determined  to  use  a 
pipe  made  of  boiler  iron. 

The  contract  for  the  j)ipe  was  awarded  to  Carter  &  Sulli- 
van, at  7J  cents  per  pound,  on  the  0th  of  September,  and 
on  the  31st  of  October  was  completed  at  a  cost  of  $1,592.33. 
The  pipe  is  made  of  the  best  No.  1  charcoal  iron,  No.  8 
wire  guage  in  thickness  and  12  inches  in  diameter.  It  is 
made  in  lengths  of  about  42  feet,  with  wrought  iron  spring 
flanges  5-sixteenths  of  an  inch  thick  and  2i  inches  wide. 
There  are  seventeen  lengths  which  will  lay  about  seven 
luindred  feet.  The  pipe  has  been  painted  to  protect  it  tem- 
porarily from  the  weather,  but  before  being  laid  it  is  to  be 
coated  inside  and  out  while  hot,  with  a  preparation  of  as- 
phaltum  and  coal  tar. 

ProjK)sals  were  received  for  excavating  the  trench,  but 
being  thought  too  higli,  the  Jioard  commenced  the  work  by 
day  labor,  using  a  coffer  d;im  made  of  bags  filled  with  sand, 
and  carried  it  on  successfully  about  one  hundred  feet  from 
the  east  bank,  but  a  rise  of  th(^  water  caused  by  shutting  off 
one  of  the  canals,  compelled  a  suspension  of  the  work,  and 
before  it  could  be  resumed,  the  water  became  so  cold  that  it 
had  to  be  postponed  for  the  season.  The  excavation  of  the 
trench  and  the  laying  of  the  pi])e  >vill  be  completed  as  soon 
as  the  height  and  temj)erature  of  the  water  will  permit. 

In  order  to  provide  a  temporary  supply  for  the  West  Side, 
a  six  inch  Wyckoff  pipe  was  laid  on  the  floor  of  the  Pearl 
Street  Bridge.  It  is  enclosed  in  a  pine  box  22x24  inches 
on  the  inside  and  made  of  two  courses  of  inch  lumber 
breaking  joints.  The  box  was  filled  with  saw-dust  bedding 
from  a  livery  stable.  The  jMpe  has  given  no  trouble  during 
the  late  severe  winter. 
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OPERATION  OF  THE  WORKS. 

Tlie  operation  of  the  Wiiter  AVorks  not  being  in  the 
charge  of  your  Engineer,  it  will  be  sufficient  for  him  to 
state  that  up  to  May  1st  the  entire  cost  of  operation  has 
been  $0,666.09.  Two  hundred  and  thirteen  permits  for 
tapping  have  been  granted,  for  which  the  city  has  collected 
five  dollars  each.  Out  of  this  the  city  pays  for  the  tapping 
and  the  stop-cock  at  the  main. 

Licenses  for  tapping  and  general  plumbing  have  been 
granted  to  Thomas  Smith  &  Co.,  and  Schriver,  Weathcrly 
&  Co.,  and  for  plumbing  alone  to  Williams,  Smith  &  Wat- 
kins,  Horan  &  McDermott,  William  A.  Brown,  and  AVil- 
liam  S.  Gunn  &  Co. 

The  disposition  to  waste  the  water,  which  is  so  general  a 
subject  of  complaint  in  other  cities,  has  manifested  itself 
here  in  an  aggravated  form,  and  the  Board  has  been  com- 
pelled to  commence  the  introduction  of  Water  Meters.  Five 
meters  have  been  purchased  of  the  Union  Water  Meter 
Company  of  Worcester,  Mass.,  and  are  to  be  put  in  at  the 
principal  hotels  and  livery  stables.  The  use  of  meters  will 
no  doubt  have  to  be  resorted  to  largely,  notwithstanding 
their  expense,  and  the  sanitary  objections  to  their  general 
use. 

The  expenses  of  operation  have  been  large,  especially  for 
pumping,  owing  to  the  desire  of  the  Board  to  furnish  fire 
protection,  and  comply  with  the  demands  of  consumers,  pre- 
vious to  the  completion  of  the  works,  but  it  is  ex^KJctcd  that 
there  will  be  considerable  projx^rtionate  decrease  in  this  ex- 
pense after  the  new  engine  is  in  operation. 

SUPPLY  OF  W^ATER. 

For  the  present  the  supply  of  water  is  being  taken  from 
Grand  River,  and  during  the  past  winter  there  has  been  no 
complaint  as  to  its  quality.  The  new  engine  will  take  water 
from  Coldbrook  Creek,  and  measures  are  being  taken  to 
liave  the  Creek  cleared  out,  and  everything  removed  from 
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its  banks  which  would  be  likely  to  injuriously  affect  the 
water.  The  want  of  funds  has  prevented  any  definite  steps 
being  taken  towards  securing  any  other  source  of  supply  as 
was  contemplated  in  the  original  plan  for  the  works,  but  the 
recent  action  of  the  Legislature  in  authorizing  the  raising  of 
additional  funds,  will  enable  the  Board  during  the  present 
season  to  bring  in  a  supply  of  whose  quality  there  can  be  no 
question. 

Measurements  have  been  made  by  means  of  Weirs  of  the 
flow  of  Carrier,  Coldbrook  and  Lamberton  Creeks,  and  the 

results,  calculated  by  J.  B.  Francis  Formula,  are  as  follows : 

Carrier  Creek 818,440  gallons  per  day. 

Coldbrook  Creek 999,920        "        "      "* 

Lamberton    "     __ .3.500.000        "        "      " 

The  last  measurement  was  made  in  winter  under  unfavor- 
able circumstances. 

Annexed  to  this  report  will  be  found  copies  of  the  reports 
of  R.  C.  Kedzie,  of  the  Michigan  State  Agricultural  College, 
on  the  analysis  of  water  from  the  several  sources  of  supj)Iy 
wliich  have  been  proposed  during  the  discussion  which  has 
been  carried  on  upon  this  subject. 

COST  OF  WATER  WORKS. 

The  total  cost  of  construction  of  the  Water  Works  to  date 

has  been  as  follows : 

Paid  to  date  on  Real  Estate— $  30,050.00 

Pipe  System 122,690.69 

Pipe  under  River 2,004.75 

Connections  with  Pumps 364.37 

Reservoir 51,175.50 

Fence  around  Reservoir 226.38 

Permanent  Engine  House 21,018.06 

Temporary        "           "      260.39 

"          Pumping  Machinery 2,331.75 

Permanent       "                 "         _ 14,181.81 

Engineering  and  Superintendence 2,972.47 

Printing  and  Advertising 152.50 

Expenses  of  Loan 463.01 

Hose  Heads _-.  600.00 

Miscellaneous ._ —^  290.79 


Total  Payments $248,772.47 
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Due  on  Pipe  System .$13,758.85 

ReserYoir 3,233.38 

Engine  House.. 1,810.40 

Pumping  Machinery 4,351.00 

Engineering,  &c 2,597.00    25,750.03 


Total  Cost $274,523.10 

Respectfully  Submitted. 

EMORY  W.  MUENSCHER, 

City  Engineer. 

PROF.  KEDZIE'S  REPORT  OX  ANALYSIS 

OF  WATER. 

Lansing,  August  12,  1872. 

Hon.  J.  IToTTSKMAN,  Mayor  of  Grand  Rapids. 

Dear  Sir: — I  have  analysed  the  two  specimens  of  water 
sent  me  irom  Grand  Rapids,  marked  No.  1,  No.  2.  The 
water  marked  No.  1  contains  9  grains  of  mineral  matter  in 
the  gallon,  and  No.  2  12.40  grains.  The  water  sent  by  Mr. 
Coats  from  the  Hydraulic  Co.'s  well  contained  9.02  grains. 
It  will  be  seen  thus  that  the  amount  of  mineral  matter  does 
not  vary  greatly.  The  result  of  these  three  analysis  are 
contained  in  the  following  table : 


I  No.  l.No.  2.  Hydraulic. 


Total  mineral  matt<3r  in  grain,  gall(»ns iK(H)      12.41)|         9.02 

Consisting  of  I 

Silica .75 


Oxide  of  Iron 

Carbonate  of  Lime 

Carbonate  of  Magnesia ^ 

Phosphate  of  Lime 

Chloride  of  Potassium  and  Sodium 


.85 
4.G5 
1.13 
trace. 
1.62 


1.37  .05 

.72  .25 

7.18  G.23 

1.84:  .90 


trace. 
1.38 


trace. 
.99 


It  is  a  little  remarkable  that  these  waters  contain  no  sen.*i- 
iblc  quantity  of  Sulphate  of  Lime,  notwithstanding  their 
being  in  the  vicinity  of  the  plaster  beds. 

I  estimated  the  value  of  these  waters  for  laundry  pur- 
poses by  means  of  Clark's  Soap  Test,  and  found  the  hardne.«w 
of  the  water  was:  Hydraulic  Well  12.2,  No.  1  9.12,  and 
and  No.  2  13.4.     These  figures  express  the  relative  amount 


57 

of  loss  in  the  use  of  soap,  arising  from  the  hardness  of  the 
water.  In  washing  No.  1  is  the  best,  the  AV^ell  water  next, 
and  No.  2  poorest. 

For  domestic  purposes  the  value  of  these  waters  is  poorly 
expressed  by  the  table  of  analysis  given  above.  No.  1  and 
No.  2  are  entirely  unfit  for  domestic  use  on  account  of  the 
large  amount  of  organic  matter  which  they  contain.  The 
difference  in  this  respect  in  these  three  specimens  of  water 
is  very  remarkable.  The  water  from  the  well  has  only  a 
slight  trace  of  organic  matter — so  little  as  to  only  slightly 
decolorize  a  delicate  solution  of  permanganate  of  potash  in 
twenty-four  hours. 

No.  2  contains  much  more  and  No.  1  a  large  amount.  If 
we  represent  the  amount  of  organic  matter  in  the  Hydraulic 
Well  as  1,  that  in  No.  2  will  be  83  and  in  No.  I  will  be  ISJ. 

On  examination  of  No.  1  by  microscope  it  was  found  to 
abound  in  large  numbers  of  animalculae,  of  which  four  or 
five  species  were  recognized.  Some  of  these  animalculac 
are  visible  to  the  naked  eye ;  but  the  largest  number  are 
microscopic.  If  the  water  is  placed  in  a  tall  glass  vessel, 
and  suffered  to  become  tranquil,  and  is  then  viewed  by 
transmitted  light,  some  of  the  insects  are  visible  to  the 
naked  eye — often  in  rapid  motion.  These  animalculac  are 
such  as  are  often  found  in  stagnant  jTonds,  and  shallow  lakes, 
abounding  in  water  lilies  and  sedges. 

No.  2  also  contains  a  considerable  number  of  animalculac, 
but  they  are  all  invisible  to  the  unassisted  eye.  They  are 
readily  visible  in  the  field  of  a  compound  microscope  of  low 
power. 

The  animalculac  differ  from  those  in  No.  1,  and  are  found 
most  abundantly  in  the  sediment  which  subsides  when  the 
water  remains  undisturbed  for  a  short  time. 

The  insects  in  both  these  specimens  of  water  can  only  live 
in  water  which  contains  putrescent  organic  matter,  and  such 
water  is  entirely  unfit  for  domestic  uses. 
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The  water  from  the  hydraulic  well  contains  none  of  these 
insects — contains  only  a  trace  of  organic  matter^  and  is  very 
much  superior  to  either  of  the  other  specimens  sent  for  ex- 
amination. 

The  well  water  is  good  not  only  in  comparison  with  No. 
1  and  No.  2,  but  it  is  an  excellent  water  judged  by  itself. 

I  would  recommend  this  water  in  preference  to  either  of 
the  other  specimens  sent,  to  supply  your  city  for  domestic  use. 

Very  respectfully, 

R.  C.  KEDZIE, 
Prof.  Chemistry  Agric.  College. 

Lansing,  June  3d,  1873. 
Hon.  Thos.  D.  Gilbert. 

Dear  Sir: — I  send  you  the  results  of  chemical  examina- 
tion of  Water  No.'s  1,  2  and  3,  sent  me  from  Grand  Rap- 
ids. I  have  directed  my  examination  principally  to  those 
substances  which  might  injuriously  affect  the  water  for  dom- 
estic use.  The  total  amount  of  solid  matter  varies  in  the 
different  specimens,  and  there  is  a  large  difference  in  the 
amount  of  organic  matter  in  solution :  No.  2  containing  much 
less  than  No.  1  and  3.  All  of  these  waters  contain  living 
organisms ;  the  first  specimens  sent  (i.  e.  the  first  set  of  jugs)  . 
contained  a  larger  number  of  organisms  of  microscopic  pro- 
portions than  did  the  second  set  of  specimens.  No.'s  1  and 
3  contain  a  large  number  of  animalculae  and  the  species  in 
each  kind  are  similar.  In  number  2,  the  number  is  much 
smaller  than  in  the  other  specimens  of  water,  and  they  are 
different  in  species. 

Notwithstanding  the  comparatively  large  amount  of  solid 
matter  in  No.  2  as  compared  with  No.'s  1  and  3, 1  pronounce 
it  the  best  for  domestic  use,  because  it  contains  much  less 
organic  matter  and  is  freer  from  low  forms  of  animal  life. 

Very  respectfully, 

R.  C.  KEDZIE, 

Pi  of.  Chem.,  <&c. 

NoTK.— Water  from  Reed's  Lake  is  (lesignated  No.  1  in  this  annlj'sis,  and  that 
from  Grand  Kiver  No.  2. 
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RESULTS  OF   ANALYSIS   OF   WATER   FROM   GRAND   RAPIDS. 

I 

Solid  matter  (in  grains)  in  Imperial  gallon  of  ten  pounds. 


iSuIphate  of  Lime 

Caroonate  of  Lime 

Carbonate  of  Magnesia 

Soluble  Silica 

Chlorides  of  Sodium  and  Potassium 

Organic  Matter  in  Solution 

Total  Grains  of  Solid  Matter 

Hardness  by  Soap  Test 


No.  l.'No.  2. 


No.  3. 


3.17 

2.45 

9.03 

9.20 

1.65 

6.35 

1.75 

2.03 

2.88 

1.96 

1.92 

.98 

19.80 

22.97 

18^ 

16° 

1.47 
1.08 
1.53 
1.40 
2.10 
2.71 
10.29 
17° 


NoTK.  The  water  in  Specimen  No.  1  is  from  Lamberton  Creek;  No.  2  con- 
tninn  cqaal  parts  of  water  from  Carrier  and  Coldbrook  Creeki,  taken  at  the 
points  where  it  has  been  proposed  to  obtain  a  supply:  and  No.  3  equal  parts  from 
Carrier  and  Coldbrook  Creeks  and  the  outlet  of  Reed's  Lake. 
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LIST  OF  WATER  MAINS.— May  1st,  1875. 

EAST  SIDE. 


STRRKT. 

Barclay 

Bridge 

(( 

Bronson 

0am  pau 

Canal 

i< 

It 

II 

Cherry 

Coit  Ave 

Division 

Erie 

Fulton 

Hastings 

Huron 

Ionia 

Jefferson  Ave. 
Kent 

Lafavette 

(( 
tt 

Ledyard  Alley 

Iveonard 

Livingston  ... 
Livingston  __ 

Louis 

Lvon 

U 
H 

^IiLson 

Monroe 

(3ttawa 

(( 

TearL. 

Waterloo 


FROM. 


TO. 


LRNGTH    8IZK 
Ft.     In.'  IX. 


RRMARK8. 


Bridge !  Bronson 

Canal lOttawa  - 


Ottawa. 


Coit 

Barclay 

Pearl 

Pearl 


Coit 


Barclay 

Lafayette 

County  Jail. 
-Bridge  -_i. 

Engine  House  Leonard 

Leonard. Robinson  & 

Solomon,  Mill 

R.  &  S.  MilL  JNortli  Limits 

Jefferson  Ave. 'Lafayette 

Bridge 

Bridge 

Canal 

Division 

Coit...- 

Canal 


Pearl. 


Hastings 

Cherry 

Leitelt's  Shop 

Prospect  

Livingston  .. 
Butte  rworth's 

Shop. 
Oakes 


Fulton 
Bridge . 


Bronson 

Lyon 

Fulton ^. 

Pearl __ 

N.  Canal 

Hastings 

Newberry 

Waterloo 

Nel.,Mat.&Co. 
Canal 


Ottawa 

Division 

Reservoir 

Ottawa 

Pearl...- 

Ottawa 

Monroe 

Newberry 


Mason... 
Division. 
Monroe- 


Wealthy  

Trowbridge. . 

Lyon 

Fulton 

Cherry 

Rear  of  Block 

S.  Canal 

Newberry 

Reservoir 

Cam  pau 

Canal 

Ottawa 


Division 

Lafayette 

Ottawa 


Canal 

Ottawa  _- 
Division  - . 
Newberry 
Mason 


Engine  House 
Valve  at  river 
Fulton 


500-9 

605-0 

1530-3 

184-5 

500-11 

443-2 

1496-0 
831-5 

2158-2 

436-0 
657-8 
603-7 

3962-2 
181-0 

2074-2 
405-2 
294-0 

2102-0 

2635-3 
1168-9 

551-5 

1574-^ 

1143-10 

172-2 

37-2 

1697-10 

272-3 

429-4 

445-0 

596-7 

510-0 

1673-6 

948-6 

611-5 
692-0 
801-0 
4255-6 
581-7 

1612-8 

1566-5 

1049-0 


14 
12 
12 


Wood 

Iron 

Wood  except 
11  f.  2  in.  iron 
Wood 


14 
14 
4 
10  Iron 


it 


Wood 

"      except 
8  feet  iron_- 

u   ' 
li 


12 

8 

6 

8 
14 
12 

4 
10 
14 

T 

4  Iron 


it 


(t 


Iron.. 
Wood 


6 
6 

14 

8 

4 

(> 

12 

14 

20 

4 

6 

10 

10 
10 
16 

12 
10 
12 
12 
12 

16 

6 

8 


Wood 
6f.l0 

Wood 

ti 

4  feet 
Wood 


except 
in.  iron 

except 
iron 


(( 


(( 


It 


Wood 


»< 


Iron-. 

Wood 

Iron.. 

Wood 

9f.ll 

Iron.. 

Wood 

Wood 

48  ft. 

Wood 

Iron_- 


except 
in.  iron 


except 
iron  -. 


ti 


Wood  except 
10  f.  9  in.  iron 
Wood  except 
90  f.  6  in.  iron 
Wood  except 
18ft.8in.iron 
Wood  except 
3  f.  8  in.  iron 
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LIST  OF  WATER  MAINS.— May  1st,  1875. 

WEST  SIDE. 


STRKKT. 


FBOU. 


TO. 


LKNGTH 

Ft.    In. 


SIZE 
IS.  . 


RKMARKS. 


Allen 

Bridge j 

Broadway  ,__' 

Eighth ' 

Fifth 

Front 

Jeflferaon 

Scribner 


it 


Summer 
Third  .. 
Winter - 


Summer 

Front 

Bridge  _ 

Broadway 

Broadway 

Bridge 

Bridge 

Bridge 

Eighth 

Bnd^e. 

Broadway 

Allen- 


Winter 

Stocking 

Eighth 

Front  

Seward 

Shawmut 


Eighth 

Webster 

Blossom 

Seward 

Shawmut 


294-5 

2029-3 

2866-11 

940-0 

872-2 

1670-1 

1819.3 

2839-0 

4238-4 

2159-6 

823-8 

474-5 


8|Wood 
12     " 
12 
12 

6 

6 

4 

6 

8 

4 

4 

4 


tt 
ti 
II 

n 
tl 
n 
il 
II 
t( 
It 


NOT  AVAILABLE  FOR  TAPPING. 


Lyon. 


Erie  ._ 

Huron 

Front  - 
it 


.X  - 


(< 


Allen 

Livingston 
Mason 


Pearl  St.  Br'ge 

At  Engine 

House. 


Safety  Valve  to  River 

Branch  to  Nelson  <&  Matter's 
Pump 

Branch  to  I^eitelt's  Pump-. 
"       "  Butterworth's  do. 
"       "  Brush  Factory  do. 
"  Powers*    Pump__ 
"  Star  Mills    "     .. 

Blow  off. 

Inside  of  Reservoir  to  Valve 

(I  ((  H  tt  it 

Canal  to  River 

Waste,  Ionia  to  River 


Supply  Pipes 

Branches  to  Hydrants. 


24-0 

6 

42-0 

4 

19-0 

4 

30-6 

4 

45-6 

6 

45-3 

4 

56-11 

4 

62-3 

8 

77-3 

20 

109-0 

16 

10-11 

12 

1042-5 

12 

875-0 

6 

114-11 

20 

294-6 

6 

6^rr6n. 


tt 


it 

tt 


Wood 

tt 


tt 


tt 


Iron. 


Wood 

tt 

tt 
Iron— 


Iron. 


TOTAL  PIPE  LAID. 


20" 

16" 

14" 

12" 

10" 

8" 

6" 

4" 

TOTAL. 

Iron ' 

4(>4-6 

247-tV 5t>8:'r-5  2707-n       11-8 

2424-8  4444-1 14421-7  4:i'J4r4   10022-7 

788-0     .Wi-C 

14357-10  6895-4 

1 

104*)9-5 

Wood 

5690(Hi 

464-6 

Total 

2b72-2 

t444-l| 

20105-()i 

7042-3 

100»4-3 

15145-10, 

7461-10 

67360-10 

12  401-528  miles. 
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LIST  OF  STOP  valves; 


STREET. 


LOCATION. 


SIZE. 

inch. 


Bridge  East- __ West 
It  It  tt 

Bridge  West East 

(I     tt 

"  --.West 


it 

n 
tt 


tt 


tt 


tt 
It 


tt 


tt 


tt 


tt 


Broadway     North 

"  —South    " 

Canal " 

tt  tt 


tt 
tt 


tt 


Barclay South  Line  Bridge  St 14 

Ck)it  Ave 12 

Division  St 12 

"    Front  St _ .-.    12 

Summer  St 12 

Broadway  St 12 

Stocking      " -..     12 

Bridge         " 12 

Eighth         "  -_ 12 

Lyon  " — 10 

Bridge         " .—    10 

At  Engine  House 12 

"    North  Line  Leonard  St. 8 

" North  Limits  of  City - 6 

Cherry West  Line  Lafayette  St 8 

14 
12 
12 
12 
12 
12 
20 
20 
20 
4 


tt 


tt 
tt 
it 
tt 
It 


Coit  Ave North  Line  Bridge 

Division South      "         " 

"       "         "    Lyon 

"       "         "    Fulton 

Eighth    West      "    Scribner 

"         East        "    Front 

Engine  House-North  end  Supply  Pipe 

"  "     -South    "  "         "    

"     -At  Well 

Erie On  Branch  to  A.  Leitelt  Bros.  &  Co.  Shop 

Fifth .West  Line  Broadway  St — 6 

Front South     "    Bridge        " —      6 

"      On  Branch  to  Brush  Factory G 

"  Powers'  Mill 4 


tt 


It 


tt 


tt 


tt 


tt 


tt 


"   Star  Mills _.  4 

Fulton East  Line  Division  St. 10 

Lafayette  "  __ — — .  10 

Monroe      " 6 

"           " 6 

Fulton       " - 6 

Wealthy  Ave 6 

Bridge  St _.  4 

6 


tt 
ft 
tt 


West 

Ionia East 

"    - West 

Jefferson  Ave— -South  ** 
"    -North  " 

Jefferson  St South  " 

Kent North  " 


tt 


ft 
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LIST  OF  STOP  VALVES. 


STREET. 

/ 

LOCATION. 

SIZE. 

inch. 

Lafayette 

-North  " 
-South  " 
.Foot  of  R 

-West  Line 

II        II 

.East      " 

.West     " 

-Foot  of  R 

-Fiast  Line 
II       II 

-West    " 
tt      tt 

it      tt 

tt      II 

.F^ist    " 

-South  " 

-North  " 

-South  " 

-North  " 

-South  " 

-On  Conne( 

-West  Line 
II        II 

tt          u 

-East  End  : 
-West    " 
-North  Lin 
-South      " 
-North      " 
-South      " 
-North      " 
.-South     " 
.-West      " 
..West      " 

Fulton    <* 

.      8 
.      8 
.    20 
.    10 
.    10 

Lyon      " 

Living 

Lyon. 
i< 

II 

II 

Mason 
tt 

(I 

It 

u 

Monro( 
(( 

Ottawa 
II 

II 

II 

II 

II 

II 

Pearl . 
II 

II 

CI 

tt 

Sc^ibn 

II 

II 

8ton 

Bservoir  Bank 

5  Ottawa  St 

Division  " 

"         " 10 

Lafayette  St _ 10 

eservoir  Bank 16 

Ionia  St.,  on  waste  pipe 12 

Ottawa  St 16 

II         II 
Oanal       " 

.    12 
.     12 
.     12 
.    10 

Division  " 

Ottawa    " .. 

I 

Monroe    " 12 

Bridge     " 12 

" 12 

Newberry  St -    12 

Mason         " 16 

Coldbrook  " 16 

;tion  with  Comstock's  Reservoir       _       4 

Division  St.. 
Ottawa      "  . 
Canal 

Pearl  Street  ] 

II         II 

e  Bridge  St... 

Eighth  "  -. 

11       II 

Leonard  St 

II          It 

Bridge       " 
Broadway  " 
Monroe     " 

.      6 
.      6 

-  6 

-  6 
.      6 

-  6 

-  6 
.      8 
.      8 
.      8 
_      4 
.      4 
_      8 

Bridge 

II 

er 



II 
II 

•  —  -—-—-—--  —  -  —  -.-.  —  —  —  — 

Summer 

Third       

Waterloo 

20  inch 

1 

16  inch  14 

1 

inch  12  inch 

10  inch  8  inch. 

1 

6  inch. 4  inch. 

TOTAL. 

4      j       4      i 

2           22 

9             8 

16             7 

72 

. 
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SAFETY  VALVES. 

On  Lyon  Street,  at  River. 
On  Allen  Street,  at  Tail  Race. 

LOCATION  OF  LUDLOW  HYDRANTS. 


South  West  Corner 

<(  ((  u 


North     " 
ti         ti 


n 


tl 


(C 


t€ 


South  East 


n 


tt 


tl 


tt 


tt 


tt 


North  East 
"      West 


(( 
i( 

tt 
tt 
tt 
tt 

South 


It 
tt 
tt 
tt 
tt 
tt 


tt 
tt 
tt 
tt 
tt 
tt 
tl 
tt 
tt 
It 
tt 
It 
It 
tl 
It 
tt 
tt 
it 
tl 


Bridge  and  Kent. 
"    Canal. 
Canal     "    Erie. 
"    Huron. 
"        "    Lyon. 
"    Pearl. 
Lvon    "  *Ionia. 

"        "    Division. 
Monroe  and  Waterloo. 
"         "    Ottawa. 


It 
tl 


"    Ionia. 
"     Spring. 
Ottawa    "    Fountain. 


tt 
tl 
II 
It 
tt 
11 
It 
II 


"  Pearl. 
"  Lyon. 
"    Bronson. 

Bridge. 

Hastings. 

Trowbridge. 
"    Fairbanks. 

Newberry. 


It 
II 
It 


tl 


tl 


It 


ft 
tt 
It 


LOCATION  OF  LOWRY  HYDRANTS.     ^ 

Intersection  of  Bridge  St.  East,  with  Barclay,  Coit  and  Livingston. 

"      "        "     Clinton,  Ionia  and  Division. 

"   West,  "     Front,  Scribner  and  Turner. 

"     •"        "      "       "     Broadway,  Seward  &  Jefferson. 

"  Bronson  St.,  w^ith  Barclay  and  Lafayette. 

"  Broadway  St.,  with  First,  Second,  Third  &  Fourth. 

"    Fifth,  Sixth,  Seventh  &  Eighth. 
"  Canal  "      "    Leonard  and  Quimby. 

Two  between  Leonard  and  Quimby. 
One  North  of  Quimby. 
"  Cherry        "    with  Luce  and  Lafayette. 
Division  St.,  with  Bronson,  Fountain,  Park,  Fulton. 
"         "      "    Island,  Oakes  and  Clierry. 
"  Eighth     "      "    Turner,  Scribner  and  Front. 


tt 
tl 
It 
tl 
tl 
It 
tt 


It 


11 


tt 
tl 
II 
It 


tl 
It 
It 
II 
It 


tt 

It 


li 
n 

(( 

(i 


« 


*t 


it 


*l 


it 
tt 
u 


it         tt 

tt 

it  (i 


tt 


t< 
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Intereection  of  Fifth  St.,  with  Seward — one  between  Seward  and 

Broadway. 
'*  Front   •    *'      "    Bowery, Valley,  Allen AShawmut 
*'  Fulton     *'      '*    Sheldon,  Ransom  and  Barclay. 
"        "         "      "     I^fayette  and  Pronpect. 
'*  Hastings  ^^      ^*    Coit  and  Livingston. 
*^  Ionia       *'      "    Fountain,  Louis  and  Fulton. 

"    Island  and  Oakes. 
Jefferson  Ave.,  with  Island,  Oakes  and  Cherry. 
"        "     Maple,  Goodrich  &  Wealthy. 
"  Jefferson  St.,  "     Bowery,  Chatham,  Jackson 

and  Sibley. 
"  Kent         "  '*     Hastings  and  Trowbridge. 

Lafayette^'  **     Washington,  John  and  Foun- 

tain. 
Livingston  St.,  with  Trowbridge,   Fairbanks  and 

Newberrv. 
Campau. 

Kent,  Bostwick  Jk  Kanson\. 
Barclay  and  Lafayette. 
"     Clinton,  Ionia,  Kent  &  Canal 
Mason,  Walbridge  and  Cold- 
brook. 
Campau,  Arcade,  Ionia  and 

Division. 
First,  Second,Third,  Fourth 

and  Fifth. 
Sixth,  Tenth,  Eleventh  and 

Twelveth. 
Ijeonard,  Crosby,  Myrjle  and 

Webster. 
Bowery,    Allen,    Shawm  ut 

and  Blossom. 
Alabama  and  Seward. 
Ix)uiB,  Ferry  and  Fulton. 


(( 

it 

Louis 

li 

11 

it 

it 

Lyon 

ti 

it 

it 

It 

n 

it 

it 

It 

*( 

Mason 

it 

tt 

•< 

it 

Ottawa 

it 

tt 

.4 

i( 

Pearl 

»t 

tt 

it 

t( 

Scribner 

it 

tt 

tt 


hi 


it 


a 


"  Summer 


it 


tt 


it 


tt 


tt 


tt 


n 


it 
a 


"  Third 
"  Waterloo     " 
"  Winter 

One  in  center  of  Section  8,  Campau  Plat. 
Total  Ludlow  Hydrant^*, 
"     Tx)wry 


"        "      Allen  and  Shawmut. 


(( 


Totol, 
Total  on  East  Side  of  Grand  River, 

tt         it   "Wpuf     *'      ^*  *'  **■ 


21 
117 

188 


90 

48 


m 


STATEMENT  OF  EXPENDITURES  TO  MAY  1,  75. 

CONSTRUCTION  OF  WATEB  WORKS. 

I.    REAL  ESTATE. 

1874. 

Jan.  C.  W.  Taylor,    Engine  House  Site  •  $  5000  00 

April  20.  C)rclcr  No.  2427.  P.  R.  L.  l*ierce,    Reservoir  Site  .    .    .  18575  00 

"      "  "  "  2428.  r.  R.  L.  Pierce, 

May  19.  «*  •*  48.  \\\  S.  Gunn, 

"    26.  *•  **  80.  T.  Houseman, 

June  17.  "  "  210.  J.  Houseman, 


tt 


«( 


«< 


f< 


(i 


it 


It 


II 


23- 


II 


224.   ].  Houseman, 


II 


It 


120000 

90000 

800  00 

185000 

.     172500 

^30,050  00 


2.     PIPE  SYSTEM. 


1873. 

Ncv.  3. 

( )rdcr 

No 

"    17- 

II 

II 

Dec.  I. 

II 

II 

"    15. 

It 

II 

"    29. 

It 

11 

^'    29. 

tt 

II 

"    29. 

II 

II 

1874. 

Jan.  26. 

11 

II 

"    26. 

»i 

II 

"  *  26. 

It 

II 

I'd).    9. 

i< 

It 

**    16. 

it 

•1 

**    16. 

tt 

li 

March  16. 

II 

ti 

April  27, 

II 

II 

June  17. 

11 

it 

July  7. 

II 

If 

July  21. 

14 

II 

Aug.  4. 

M 

II 

Aug,  18. 

*t 

II 

Sept.  I, 

*« 

II 

"     1. 

l4 

41 

"    8. 

«l 

II 

««       on 

** 

u 

1204.  Ch.i>.  Peterson, S  3561  60 

1343.       *'             "          1202869 

1469.       "            "         9^5  95 

1557.       **            *'         175972 

1627.  "            "         1535  68 

1628.  *•             *•        lUlI  of  Specials  ...  731  43 

1629.  *'             "        Check  Valves  ....  31  .S3 

1852.  *'             "        per  J.  Van  Even-  .    .  I  95 

1853.  "             "         "     P.    Coad  ....  4  75 

<l                       ti               II           II            11  ■^    fz 

•     •     •     •  .>  /3 

1968.  iJulterworLh  ^:  Ix>Nve  (Check  Valve)  .  103  69 

1992.  Chas.  Peterson  (i>er   Foster,  Stevens 

&    Co.) 824  21 

1993.  Chas.   PetcrNon 1 169  84 

2147.       *•             "          40000 

2484.       **             **          60000 

201.    Earrington  &  Branch 6627  85 

3<)^'           "                   **        S59671 

478.           *'                  "      (per   P.  Coad)  .  31  00 

565-           "                  *•        '9554  57 

696.  W.  H.  Powers  (Boxes  for  protecting 

pi})e    through    culverts)  ....  29  50 

806.  T.  .Smith  &  Co.,    (moving  gas  pipes)  5  00 

807.  Earrington  &  Branch  (i>cr  P.  Coad)  1450 
884.             "                   •*         19223  62 

I  HI.  "  "        (per    (1.     R. 

Hvd.  Co 6  05 


*Oci.  6.       Orfler  No.  II49( '/^.)  Karrington    cV    Branch    (per    t. 

Smith,    Inspector) 544  56 

**     6.             "        *'   1 1 54-   Karri nglon  ^:  Branch    (per  I*.  Coad)  i  36 
"     6.             *•        «*   ii55(Pi.)  A.    Leiteli    Bros.  &   Co.    (Safety 

Valve) 200  00 

6.             "        *'   1 156.  Farrington  &   Branch '5557  60 

13.          "       "  1169.            ••                "      (per  M.DeLong)  875 

20.           "        "  1407.  M.  C.  Railroad  ( Freight  on   Valves-  28  1 1 

Xov.  10.         *'        "   I590'  Harrington  &  Branch 1 0000  00 

"     17.         *'        "   i664(»,^).   Farringion    iS:    Branch    (jier   E. 

Smith,    Inspector^ 72  78 

-J>ec.  8.  **        "   1869.  \V.    H.    Powers  (Box   for   pipe   over 

Hearl    Street   Bridge)  ....  282  42 

8.           "        **   1921.   Farringion   iS:    Branch   (per  damages)  6000 

8.           "'      "  1922.             **                    *•           "           "  25  cx> 

8.           "        "   1923.             **                    "          "           •»  31  00 

15.        "        "   19S0.             ♦•                     '*        500000 

1875. 
Jan.  5.  *•        "  2081.  J.  M.  Zindel,  (niamire    for   box    over 

Pearl    Street  Bridge) 27  00 

19.         ••        "  2218.  P.  Coad,  (covering  pipes) 25  50 

26.         "        "  2248.  Geo.   W.    Kddy,  Valves 858  00 

Feb.  16.        "        "  2426.  Farrington   &    Branch 4000  00 

-April  20.       *♦        "  3078.             "                   '*       per  I*.  Coad  .    .  2  oo 

Total,  including  ^100  for  Hose  Mea<I $122,79069 


«< 


*t 


4t 


44 


« 


<t 


« 


3.     PfPK  LNDKR  GRAND   RIVKR. 

1874. 
Scirt..  15.  Order  No.    965.   V'oight,  HerpoKheinier  &  Co.,  Grain 

Bags ,>       30  50 

"Sept.  22.       "       "       999.   P.  W.  King,  Labor  on   trench  ...  163  04 
22.       *•       "     1025.   Voighl,  ilerpolshcinier  &  C'o.,  Grain 

Bags 6i  00 

29.       **       *'     1 102.  Carter  &  Sullivan,   IMpe •.  48000 

**     29.       "       "     1 1 12.  P.W.King,  Labor  on  Trench  .    .    .  ''3  53 

<)cl.  6.          "       "     1147.       "         "             »       »         "...  786 
*'      13.        "       **     1267.   Voighl,    Herpnlsheimcr  &  Co.,  Grain 

Bags 30  50 

*'     20.         "       "     '332.  Carter  &  Sullivan,    Pipe 163  62 

**     29.         "       *•     1408.   P.  VV.  King,  Labor  on  Trench  ...  6  00 

Nov.  3.        **       "     1492.  Carter  ^:  Sullivan.    Pipe 948  70 

$2,004  75 


/ 


* 

4.    COXXECTIONS  WITH   I*UMFS. 

1873. 
Dec.  22.     Order  No.  1600.  A.    Leitelt    Bros.  &  Co.,    2  connec- 

lions i  78  54 

1874. 
Jan.  5.        Order  No.  1688.   Duttcrworth  &    Ix)we,    I    connection  69  56- 
March  2.        "        "    2625.  G.  R.  Gas   Light  Co.,    Pipe  ....  29  68- 
Aug.  4.           *'       "      566.  \V.  H.  Powers,   i    connection  ...  27  7X 
Oct.  6.             "        "     ii55(Pt.)A.    I^itelt   Bros.  &  Co.,   2   con- 
nections    >55  7> 

Dec.  15.         *•       "     1972.  Mangold,    Hibbard   &   Co.,  Repair- 
ing Wall 3  lO' 

S36467 

5.    RESERVOIR. 

1874. 

Aug.  18.  Order  No.    697.   Brooks  &   Sekcll 1$  7.7^6  95 

Oct.  20.         «       "     1333.         "  "      28,448  55 

Nov.  24.       "      "     1723.        "  " .   .    .    10,000  00- 

1875. 
Jan.  12.         "       "     2188.         •*  "      5,00000 

April  28.      *•       **     3195.  A.  C.  Sekell,  Fence.   \ 2263$. 

551,401  8S. 

6.    PERMANENT  ENGINE  IIOISE. 

1874. 

Aug.  26.  Order  No.    752.   R.  Hilton  i>k:  Son Sl»l38  50- 

Sept.     I.       "        "      808.             "           ♦*      1,541  25 

15.      "        "      963.             ••           "      1,03050' 

29.      "        "    1 104.            ♦*          "      2,oi7  35 

Oct.    13.      "        "    1270.  Chas.  W.  Knight,   Labor   on  Engine 

Beds 20  22 

"      29.      **        "     1409.  Chas.  W.  Knight,  Lalwr  on    Engine 

Beds 66  00 

Nov.      3.      "        '•     1491.  R.  Hilton  &   .Son 7,71660 

"      17.      "        "    1668.  L.   M.   Page,   Priming n  77 

•*      17.       "        •*     1671.  Ch.is.  W.  Knight,    I.abor  on  Engine 

Beds,  &c 119  64 

Dec.    15.       **        •*     1 770*  Chas.  \V  Knight,    La}K>r  on   Engine 

Beds,  &c ^7  90 

Dec.    22.       •*        **    2013.  R.  Hilton  &  Son 3f02$  8o- 

1775- 
Jan.     26.       '♦        "  2249.     H,  Chrisiianson,  I^lx)r 3225 


(t 


<( 


March  2.  Or 


(( 


1 6. 
30. 

30- 
April  20. 

«*     20. 

"     20. 
28. 


(( 


<( 


tt 


()9        • 

Icr  Xo.  2639.  Schmidt  &   Hirih,  Cut   Stone  .    .    . 

"  2767.  A.  Leitcit  Bros.  &.  Co.,  Supplies.. 

"  2865.  R.  C.  Luce,   Sewer   Pipe 

"  2S66.  Schriver,  Weatherly  &  Co.,  Gas  Pipe 

"  2868.  Foster,  Stevens  &  Co.,  Supplies  .    . 

"  307?'  Patrick  Gill,  Filling  Boiler  Room  . 

**  3079*  G.  R.  Gas  Light  Co.,  Coke  .... 

"  3080.  H.  Christranson,  Labor 

*•  3196.  R.    Hilton   &  Son 


18477 
12  60 

98  II 

7748 
1707 
5625 
I  50 
22  50 
2,000  00 

$21,018  06 


7.    TEMPORARY  ENGINE   HOUSE. 


1874, 


Sept.     8.  Order  No.    886.  L.   Riddle,    Labor 


it 

15.   - 

« 

22.   *' 

« 

26.  * 

Oct. 

6.   * 

Nov. 

10. 

•  4 


tt 


tt 


It 


*i 


966.  G.  N.  Bowen,I^bor 

1026.  W.  H.   Powers,  Lumber  .... 

1027.  W.  T.  Powers  &  Son,   Lumber  . 
If 57.  Foster,   Stevens  &  Co.,  Hardware 
1598.  W.  T.  Powers  &  Son,  Lumber  .    . 


^34 

00 

3  75 

14 

06 

108 

49 

II 

96 

28 

13 

$250  39 


8.    TEMPORARY  PUMPING  MACHINERY. 


1874. 
Sept.   15.  Order  No.    968.  A.  Leitelt  Bros.  &  Co.,  Worthington 

Engine ;^i,6i8  75 

"5S(  I*t-)  A.  Leitelt  Bros.  &  Co.,  Fitting  up  641  25 

1366.  A.  Leitelt  Bros.  &  Co.,  Fitting  up  .  13  96 

1277.  A.  I^eitelt  Bros.  &  Co.,  Fitting  up  .  ^9  30 

127S.  A.  Leitelt  Bros.  &  Co.,  Fitting  up  .  38  49 


Oct.  6. 

Oct.  13. 

Oct.  13. 

Oct.  13. 


« 


<« 


it 


tt 


It 


tt 


ft 


tt 


^2.331  75 


9.    PERMANENT  PUMPING  MACHINERY. 


1874. 


« 


June  10.  Order  No.    166.  Butterworth  &  Lowe $    600  00 

397.  Butterworth  &  Lowe 2,060  00 

652.  Butterworth  &  Lowe 2,339  0° 

888.  Butterworth  &  Lowe 1,725  00 

1 1 50.  Butterworth  &  Lowe 2,55000 

1494.  Butterworth  &  Lowe *»875  oc 

1756.  Carter  &  Sullivan,   Water  Leg  .   .    .  532  81 


July  7. 
Aug.  II. 
sept.  8. 
Oct.  6. 
Nov.  3. 
Dec.     I. 

1875. 
March  16.   " 


(I 


It 


tt 


ft 


tt 


tt 


tt 


tt 


It 


tt 


tt 


tt 


2766.  Butterworth  &  Lowe 2,5000c 

jti4,i8l  81 


\ 


1874. 

June 

17. 

Aug. 

4. 

Aug. 

II. 

Sept. 

15- 

Sept. 

29. 

Oct. 

6. 

Oct. 

6. 

Nov. 

3- 

Nov. 

10. 

Nov. 

17- 

Nov. 

17- 

Dec. 

8. 

•       70 

10.    ENGINEERING  &  SUPERINTENDENCE. 

Order  No.    209.  Peter  Ilogan,  General  Services.    .    ^i^ooooo 

"  "       650.  Wm.  Thornton,  Reservoir 92  30 

"  "  651.  Foster,  Stevens   &  Co.,   Tools  ...  10  28 

"  "       970.  Wm.  Thornton,  Reservoir 96  15 

"  "  1 103.  D.  S.  Hopkins,  Engine  House  .    .    .  7500 

**  "     ii4g{}i.)  Elihu  Smith,   Pipe 4456 

"  "     1 160.  Wm.  Thornton,  Reser\'oir 100  00 

*'  "  1499'  Demetrius  Turner,   Engines  ....  781  41 

"  "     1500.  Wm.  Thornton,  Reservoir 100  00 

"  "  '536'  Peter  Hogan,  Preliminary  Report  .    ,  500  cx) 

"  "     1663.  Elihu  Smith,  Pipe 72  77 

"  "     1864.  Wm.  Thornton,  Reservoir 100  00 

$2,972  47 

11.  PRINTING  AND  ADVERTISING. 

Order  No.  1552.  M.  H.  Clark  cS:  Co $  8  00 

Order  No.  2350.  Sexltm  &  Church 19  00 

"       "     2418.  M.  II.  Clark  &  Co 56  75 

"       "     2625.  M.  H.  Clark  &  Co 20  00 

177.   M.  H.Clark  &  Co 840 

"       *'       312.  I.  Van  Der  Sluis 2  80 

"       «       317.  M.  H.  Clark  &  Co 5  60 

"       "       385.  Sexton  &   Church .  2  80 

"       "       636.  M.  f  I.  Clark  &  Co 6  30 

•*       "       909.  Sexton  &  Church 3  85 

*•       "       974.  M.  II.  Clark  ^i  Co i  50 

"       **     1058.  J.  Van   Der  Sluis 5  60 

"     1231.  A.   B.  Turner  &  Co 2  80 

"       "     1343.  M.  H.  Clark  &  Co 2  10 

"       "     1510.  M.  H.  Clark  &  Co 280 

"       "     1901.  Sexton    &   Tarbox 2  80 

•*     1977.  M.  H.  Clark  &  Co i  40 

^^15250 

12.  EXPENSES  OF  WATER  LOAN. 
1874. 

March  9.  Order  No.  2107.  P.  R.  L.  Pierce,  Mayor,   expenses 

Ai)ril  30.       "       "     241 1.  P.  R.  L.  Pierce,   Mayor,   expenses 

April  30.       "       "     2412.  J.  F.  Baars,  Treasurer,  expenses  . 

May  12.      "       "  5.  P.  R.  L.  Pierce,  Mayor,  expenses  . 

May  26.       "      "         70.  J.  Houseman,   Mayor,   expenses  . 


187. 

3- 

Dec. 

15. 

187. 

^' 

April 

13- 

April 

20. 

May 

I. 

June 

10. 

June 

30. 

July 

7. 

July 

7- 

Aug. 

II. 

Sept. 

8. 

Sci)t. 

15- 

Sept. 

22. 

Oct. 

6. 

Oct. 

20. 

Nov. 

3. 

Dec. 

8. 

Dec. 

'5- 

$  6870 

.     3074 

3300 

1349 

10075 

.  ' 
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1875- 

March    2.  Order  No.  2562.  J.  F.  l]aar^,  Treasurer,   expenses  ...  155  45 

April     28.       "       "     3175'  J-  ^'  Baars,  Treasurer,   expenses  ...  8  80 

-April     28.       "       '*     3178.  J.  Houseman,  Mayor,  expenses  .    ...  5208 

$463  01 

HOSE  HEADS. 
1874. 

Oct.       13.  Order  No.  1279.  A.  Leitclt   Bros.  6c  Co 3500  cx> 

14.    MISCELLANEOUS. 

1873- 

Dec.        1.  Order  No.  1468.  P.  Coad,  Repair  of  Streets 4  50 

Dec.      15.       "       "     1558.  P.  Coad,  Repair  of  Streets 5  25 

Dec.      29.       "       "     1630.  J.  Colliiis,  Repair  of  Streets  ....  18  00 

1874. 

Jan.         5.  Order  No.  1O89.  R.  Hilton  &  Son,   Boxes  for  Hydrants  400 

June       10.       "       "       174.  W.  T.  Powers,  expenses 22  40 

July         7.       "       "       327.  P.  Coad,   Repair  of  Streets 4  13 

Sept.       I.       "       "       815.  Foster,  Stevens  &  Co.,  Supplies  ...  2  03 
Oct.        6.       *'       '*     ii55(Pt.)  A.  Leitelt  Bros.  ^:  Co.,  Repair  of 

Hydrants 17  00 

Oct.        6.       "       "     1 161.  Thos.    Smith    ^:   Co.,    Connection    for 

Fountain 24  13 

J^ov.       3.       "       "     1497*  J^^l  Collins,  Connection  for  Fountain  .  14  05 

Nov.       3.       "       "     1500.  John  L.  Shaw,    Repair  of  Pipe  ...  16  30 

Nuv.     30.       "       "     1665.  E.  A.  Dapper,  Legal 75  00 

Dec.       8.       "       "     1862.  Jchn  Jellen,    Posts  for  Hydrants  ...  55  00 

Dec.       8.       "       *'     1867.  A.  Leitelt  Bro^.  cs:  Co.,  Supplies  .    .    .  900 

1S75. 

Jan.         5.  Order  No.  2065.   11.  II.  Chipman,   Legal 14  00 

Feii.        16.       *•       "     2424.  C.  C.  Cunistock,  Damages  to  Reservoir  600 

$290  79 

Total  amount  paid  on  Con>truction $248,772  47 

OPERATION  OF  WATER  WORKS. 
1S74. 

Aug.     18.  Order  No.    702.  Thos.  Smith  &  Co.,  Tapping  Mains  .  $  56  15 

Aug.     26.       "       "       751.  C.  C.  Comstock,  Pumping 76  50 

-Sept.       I.       "      "       779.  Schriver,  Weatherly  &  Co.,   Tapping 

Mains 7$  90 

Sept.       I.       "       "       810.  Thos.  Smith  &  Co.,  Tapping   Mains  .  162  46 

^ept.       8.       "       "      885.  C.  C.  Comstock,  Pimiping ^75  5© 


f 
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* 

Sept.     29.  Order  No.  1 1 10.  M.  V.  Bentley,   Oil 625 

Oct.        6.      •*       "     1 148.  Thos.  Smith  &  Co,  Tapping  Mains  .  56  14 
Oct.        6.       "       "     1 151.  David  C.  Sawyer,  lAbor  at  Pumping 

Works 45  50 

Oct.        6.       "       "     1 153.  W.  G.  Whittemore,  I^bor  at  Pumping 

Works 60  00 

Oct.       13.       "       "     1275.  A.  Leitelt  Bros.  &  Co.,  Supplies  ...  n  7^ 

Oct.       13.       "       "     1276.               *•                 ♦*        use  of  boiler,  &c.  3288 

Oct.       13.       "       "     1280.               "                "        Pumping  ...  417  7S 

Oct.       20.       "       "     ^^3^'  C.  C.  Comstock,  Pumping  and  Supplies  3987 

Oct.       29.       "       "     141 1.  Richmond  &  Backus,  Assessm't  Books  1400 

Nov.        3.       "       "     1 50 1.  John  L,  Shaw,  Repair  of  Hydrants  .  4  cx> 
Nov.      10.       "       "     1 60 1.  W.  G.  Whittemore,  Labor  at  Pumping 

Works 62  00 

Nov.      10.       "       "     1602.  David  C.  Sawyer,  I^bor  at   Pumping 

Works 39  25 

Nov.      10.       "       "     1603.  David  C  Sawyei,   Labor  at  Pumping 

Works 15  00 

Nov.      17.       "       "     1662.  Louis  Deitz,  Pumping 20  25 

Nov.      17.       "       "     1667.  Thos.  Smith  &  Co.,  Tapping  Mains  .  80  72 

Nov.      17.       •*       "     1670.  Buttervvorth  &  Lowe,  Pumping  ...  150  00 
Dec.        I.       "       "     1757-  David  C.  Sawyer,  Labor  at  Pumping 

Works 37  25. 

Dec.        I.       "       "     1758.  David  C.  Sawyer,   Labor  at   Pumping 

Works 10  oo- 

Dec.        I.       «*       "     J 759'  W.  G.  Whittemore,  Labor  at  Pumping 

Works   . 54  00 

Dec.        8.       "       "     1865.  P.  Coad,   I^bor  on  Valves 18  50 

Dec.        8.       **       «     1866.  Edward  Walsh,  Wood 1200 

Dec.       8.       "       "     1868.  A.  Leitelt  Bros.  &  Co.,   use  of  Boiler 

and  Supplies 9'  41 

Dec.      15.       "       "     1975.  M.  II.  Clark  &  Co.,  Printing 650 

Dec.      22      "       "     2012.  G.  R.  Brush  Co.,  Pumping 57  45 

1875. 
Jan.         5.  Order  No.  2080.  David  C.  Sawyer,  Labor  at   Pumping 

Works 54  25 

Jan.       12.       '*       "     2160.  Jas.  W.  Brown,  Entering  Assessments  6  cx> 
Jan.       12.       "       "      2189.  Schriver,  Weatherly  &  Co.,  Tapping 

Mains 104  18 

Jan.       12.       "      "      2190.  W.  G.  Whittemore,  I^lx>r  at  Pumping 

Works 61  oo 

Jan.       19.       "       "     2217.  W.  H.  Congdon  &  Co.,  Wood  ...  155  6^ 

Jan.       26.      "      "     2225.  James  W.  Brown,  Entering  Returns  .  3  00 

Jan.       29.      "      "     2254.  M.  H.  Clark  &  Co.,  Printing ....  i  5a 


Feb. 
Feb. 

leb. 

Feb. 

Feb. 
Feb. 
Feb. 


9- 
9- 


Order  Xo.  2376. 
"       "     2377. 


9- 

9- 
16. 

16. 


Feb.  16. 
Feb.  16. 
March  2. 
March     2. 


March  2. 
March  9. 
March  9. 
March  6. 
March  16. 
March  16. 
March  16. 
March  16. 
March  16. 
March  23. 
March  23. 
March  23. 
March  23* 
March  23. 
March  23. 
March  30. 
^[arch  30, 
March  30. 
March  30. 
March  30. 
April       7. 

April       7. 


it 

«( 

(C 

li 
(( 

(I 
(( 

II 
« 


March     2.       •' 


March     2.       " 


it 
*t 
it 

14 
II 
41 
II 
44 
41 
44 
14 
CC 
44 
44 
44 
(4 
14 
44 
14 
44 
44 

14 


'*  2378. 


44 
44 

44 
II 


II 


14 
44 
(I 
l< 
14 
44 
4< 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 


2383. 
2392. 

2422. 

2423. 


"  2425. 

"  2429. 

"  2635. 

*•  2636. 

"  2637. 

••  2638. 

'*  2640. 
2691. 


2692. 
2693. 
2764. 
2765. 
2768. 
2769. 
2770. 
2827. 
2828. 
2829. 
2830. 
I83I. 
2832. 
2S26. 
2863. 
2864. 
2867. 
2869. 
2936. 

2937. 


W.   H.  Congdon  &  Co.,  Wood  .    .    .  $152  50 
David  C  Ssiwyei,  Labor  at  Pumping 

Works 60  00 

W.  G.  Whittemore,  Labor  at  Pumping 

Works 14  cxj 

M.   II.  Clark  &  Co.,   Printing  ...  2  80 

J.  Van  Der  Sluis,   Printing 4  80 

White  &  Conant,         "        i  40 

A.  Leitelt  Bros.  &  Co.,  use  of  Boilers 

and  Labor 250  00 

W.  H.  Congdon  &  Co.,  W^ood  ...  157  50 

A.   B.   Turner  &  Co.,   Printing  ...  2  25 

Kingsbury  &  Bennett,  Coal 299  08 

W.  G.  Whittemore,  Labor  at  Pumping 

Works   .    .    *. 800 

David  C.  Sawyer,   Labor  at   Pumping 

Works 49  00 

E.    F.    Bradley,    Labor    at    Pumping 

Works 101  00 

A.  Leitelt  Bros.  &  Co.,   use  of  Boiler,  25  00 

Samuel  Taylor,  Wood 46  50 

W.  H.  Congdon  &  Co.,  Wood  ....  155  50 

P.  Coad,  Removing  Snow 12  65 

Samuel  Taylor,  Wood 108  00 

"            "           "      147  00 

A.  Leitelt  Bros.  &  Co.,  Repairs  ...  172  18 

Vincent  Sipple,  Wood 96  00 

S.S.Bailey,            "      7800 

Samuel  Taylor       "      43  25 

S.  S.  Bailey             "       71  75 

S.  S.  Bailey            "      202  60 

Price  &  Baylies,   Coal I'S  02 

L.   H.  Withey  &  Co.,  Wood  ....  817  90 

M.  V.  Bentley,   Oil 13  10 

A.  Leitelt  Bros.  &  Co.,  Heater  and  use  60  12 

S.  S.  Bailey,  Wood 420  37 

Samuel  Taylor,  Wood 47  25 

Schriver,  Weatherly  &  Co.,  Labor  .    .  8  25 

Foster,  Stevens  &  Co.,  Supplies  ...  15  75 
Miles  S.  Voungs,  Labor  at   Pumping 

Works 66  00 

David  C.  Sawyer,  I^bor  at   Pumping 

Works 56  00 
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April     13.       *'       "     3042.  M.  II.  Clark  &  Co.,  IVinting  ....        14  00 
April     20.       "       "    3081.  H.  Christiansen,  Rei>airing  Pump .    .  8  25 

April     28.       "       "     3^94*  Thos.  Smith  &  Co.,  Tapping  Mains  .        54  96 

16,132  31 

Due  on  account  to  May  ist 150  78 

Due  General  Fund  for  Superintendence 3S3  00 

Total  cost  of  operation $6,666  09 


GRAND  RAPIDS  HYDRAULIC  COMPANY. 


The  Grand  iiapids  Hydraulic  Company,  organized  by  Act 
♦of  the  Legislature  April  2nd,  1840,  is  the  pioneer  in  the 
-direction  of  water  supply  and  has,  from  the  summer  of  that 
year  until  now,  to  some  extent  provided  water  to  portions  of 
the  city.  It  began  its  operations  by  laying  wooden  logs 
from  springs  along  our  hillsides,  which  provided  pure  water 
at  such  atitude  that  it  could  be  generally  distributed  to  the 
streets  west  of  Division  street.  This  simple  entet^prise  at 
that  earlv  date  was  certainly  of  some  value,  and  the  flow  of 
water  given  at  the  old  National  Hotel  was  quite  a  feature 
of  comfort  to  the  stage  worn  explorers  of  twenty-five  years 
ago. 

The  increased  demand  as  year  after  year  the  city  grew, 
was  met  by  this  Company  by  the  extension  of  its  lines  of 
logs  and  the  addition  of  sources  of  supply,  until  in  18o7  a 
line  of  iron  pipe  was  laid  in  Monroe  street,  and  the  works 
began  to  assume  some  importance  to  those  whose  wells  were 
rendered  useless  by  sewerage  or  surface  water. 

That  much  of  the  healthfulness  of  the  vounc:  city  was  due 
to  this  supply  of  the  purest  spring  water,  so  directly  deliv- 
ered, cannot  be  doubted. 

In  18()1  a  brook  flowing  from  great  springs  on  the  lands 
known  as  "  The  Penney  Eighty  ^'  was  incorporated  into  the 
supply,  and  with  increased  volume  of  water  the  company 
•even  then  found  that  it  could  not  reach  manv  who  were  in 

•r 

need.  In  1864  at  the  head  of  this  brook  the  Company  pur- 
'Cbased  land  for  a  larger  Reservoir  and  began  the  storage  of 
water  for  the  first  time  in  the  history  of  Grand  Rapids.  In 
J 870  an  additional  connection  was  formed,  embracing  mag- 


7(> 

nificeut  hill-skle  springs  north  of  Bridge  stix»et,  oxnied  by 
Messrs.  Mangold  &  Kiisterer,  who  had  been  for  some  time 
before  this  supplying  many  citizens  of  that  vicinity.  Still 
the  pressing  demand  overtaxed  the  supply.  The  purity  and 
peculiarly  excellent  quailities  of  this  water  for  domestic  pur- 
poses invited  consumption,  and  the  free  penstocks  liberally 
provided  by  the  Company  became  the  reliance  for  man  and 
beast  of  a  large  population.  In  1872  the  Company  under- 
took a  larger  enterprise  in  the  construction  of  a  well  at  their 
Reservoir,  in  imitation  of  the  famous  one  which  is  the  pride 
of  Kalamazoo,  The  lA'ick  and  iron  work  of  this  huge  tul>e 
was  sunk  into  the  earth  below  the  bottom  of  the  old  Reser- 
voir, by  dredging  out  the  inside  and  allowing  its  great 
weight  to  press  its  iron  foundations  as  low  as  the  lowest 
water  courses.  The  wall  plastered  inside  and  out  with  hy- 
draulic cement  thus  becomes  the  recipient  oi  water  only 
from  the  deep  gravel  strata  and  excluding  all  surface  water, 
is  certainly  as  far  as  its  capacity  goes  undeniably  a  perfect 
affair,  and  the  Hydraulic  Company  upon  its  completion  was 
enabled  to  extend  its  pijxis  and  increase  the  usefulness  of  its 
works.  A  six  inch  main  was  laid  from  the  well  along  Divi- 
sion street  to  Fulton  and  Monroe,  and  provisions  made  for 
future  improvements.  The  works  of  the  city  with  the  great 
altitude  of  the  reservoir  and  the  strength  of  the  mains, 
tower  above  the  simpler  appliances  of  the  Hydraulic  Com- 
pany, but  as  the  investment  of  the  capital  of  private  citizens 
in  our  midst  and  as  the  dispenser  of  a  pure  supply  through 
long  years  until  to-day,  the  Pioneer  works  are  entitled  to 
their  place  in  the  annals  of  water  works  in  our  city. 

The  Company  has  now  in  operation  about  eight  miles  of 
pipes. 
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Office  of  thb  Board  of  Public  Works,    ) 
Orand  Rapids,  May  let,  1876.     \ 

To  the  UonorMs,  the  Board  of  PuUic   WorU  of  the  City  of  Orand 
Bapids: 

I  herewith  Bubmit  a  report  of  the  Public  Works  car- 
ried on  under  the  direction  of  the  Board  since  May 
1st,  1875.     • 

STREET   IMPROVEMENTS. 

The  following  street  improreraents  hare  been  com- 
pleted : 

Grading  and  Paving, 188o  Lineal  Feet 

Grading,  Graveling  and  Paving  Gutters. 12787       **        " 

Grading  and  Graveling, 10817       "        " 

Paving  GutterB,  1282       "        " 

Total, 26,221  Lineal  Feet,=4  96. 

Contracts  have  been  made  for  the  following  improve- 
ments which  are  now  in  progress : 

Ghrading  and  Paving, 11852  Lineal  Feet. 

Grading,  Graveling  and  Paving  Gutters, 16590        *'        <' 

Grading  and  Graveling, 924        ''        '' 

Grading, 1866        "        " 

Total, 80,222  Lineal  Feet,=»5  72  miles. 


The  paviDg  is  all  of  the  kind  adopted  by  the  Board  in 
1874 ;  wood  blocks  in  the  center  and  cobble  stones  on 
the  sides  of  the  streets,  which,  so  far,  appears  successfal 
and  popular. 

The  total  length  of  streets  now  opened  in  the  city  is 
over  131  miles,  of  which,  counting  those  now  under  im- 
provement as  finished,  are : 

Graded  and  Paved  with  wood,  0.15  miles. 

Graveled  and  Paved  with  wood  and  stone, 2.68 

Graveled  and  paved  with  stone, 1.55 

Graded  and  Graveled  and  Gutters  paved, 21.56 

Graded  and  Graveled, 29.50 

Graded, 8.02 

Un-improved, 67.66 

Total, 131.12 

BUlLDINaS. 

Barns  have  been  constructed  at  Engine  Houses  No. 
1,  3,  4,  5  and  6,  on  plans  prepared  by  Grady  and  Wad- 
deli,  Architects. 

A  fire  proof  vault  has  been  constructed  at  the  office 
of  the  Board  of  Public  Works,  for  the  safe  keeping  of 
the  maps,  records  and  papers  of  the  Board,  and  of  the 
Common  Council. 

FIRE   BESEBYOIBS. 

Two  brick  reservoirs  have  been  constructed  f»r  the 
use  of  the  Fire  Department.  One  on  Quimby  Street, 
between  Plainfield  and  Colt  Avenues  ;  capacity  500  bar- 
rels. The  other  on  Grandville  Avenue  opposite  Prescott 
street  capacity,  100  barrels.  The  former  is  supplied  by 
springs,  and  the  latter  by  a  creek  which  is  admitted 
into  it. 

SEWERS. 

The  amount  of  sewerage  constructed  during  the  past 
year  has  been  much  greater  than  usual,  the  total  length 
being  only  47  feet  less  than  was  constructed  in  the  pre- 
vious two  years. 


The  proportion  of  large  sewers  has  also  beea  udusq- 
ally  great,  which  has  increased  the  average  cost  per  foot 
more  than  the  uncommonly  low  prices  of  labor  and  ma- 
terials have  reduced  it. 

The  total  length  constructed  was  12149  feet  and  the 
total  cost  $28,192  26,  making  the  average  cost  per  foot, 
(2  82|. 

The  following  table  shows  the  length  and  sizes  of  the 
sewers  constructed. 

The  one  in  Lyon  street  was  to  replace  an  old  sewer 
which  required  lowering  on  account  of  the  regrading  of 
the  street,  and  250  feet  of  the  one  in  Fulton  street  re* 
places  an  old  one  which  never  worked  satisfactorily. 
The  construction  of  the  sewer  in  Williams  and  Ionia  sts. 
renders  50  feet  of  the  Spring  street  sewer  of  no  further 
use  and  it  has  been  closed  up. 

The  total  length  of  sewers  now  in  use  in  the  City  is 
as  follows : 

Brick  Sewers 82^,119  lineal  feet  —  6    489-5280  Miles 

Clay  Pipe  Sewers.... 80,906  <'  «  —5  4506-5280  « 
Cement  Pipe  Sewen.  2,680  "  «  .-  0  2680-6280  <* 
Wooden  Sewers 8,621      "      «    —  l  8341-6280    « 

Total 74,826      "      «    —  14  miles,  406  Let 

The  following  are  the  sizes  as  near  as  can  be  ascer- 
tained, and  the  lengths  in  feet  of  each  size : 

BRICK  SEWERS. 

10'.4''x6'-2"  858 ;  5'x6'  1164 ;  4'x5'  2689 ;  iO^xGO*'  712 ;  86'?x54''  20 ; 
8'x4'  5117 ;  2'x8'  8827 ;  22"x83"  572 ;  24"x80»  1542 ;  20"x80"  8614 ; 
20''x24''  8551 ;  18"x24"  6411 ;  16"x34'»  2842. 

CLAY  PIPE  SEWERS. 

24"  858;  22"  867;  20"  1178;  18"  5569;  15"  6849;  12"  14790; 
y2810. 

CEMENT  PIPE  SEWERS. 

18"  96;  12"  1701 ;  9"  513;  8"  870. 

WOODEN  SEWERS. 

8'x4'  4828 ;  18"x24"  1685 ;  18"xl8"  850 ;  12"xl8''  834 ;  12"xl2"  974* 
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Kotwithstanding  the  comparatively  rapid  extension  of 
our  system  of  sewers  daring  the  past  three  years,  there 
Btill  exists  a  great  need  of  its  further  extension  into  large 
sections  of  the  City  which  are  now  wet  and  unhealthy, 
as  soon  as  an  improved  condition  of  business  shall  jus- 
tify the  large  expenditure  which  will  be  required. 

SUMMARY  OP  WORK  DONE. 

In  the  accompanying  table  will  be  found  a  list  of  all 
the  improvements  contracted  by  the  Board  since  May 
1st,  1875,  with  the  name  of  the  contractor  and  the  cost 
for  construction,  and  for  engineering,*  printing  and  as- 
sessment. Those  marked  *  were  in  progress  May  Ist, 
1875.  From  this  table  we  deduce  the  following  sum- 
mary: 

Total  length  of  stieets  improved,  26,221  lineal  feet. 
<<        *<        <*  sewers  built,  12,149  lineal  feet. 

TOTAL  COST  OF  IMPROVEMENTS  COMPLETED  BY  BOARD. 

Grading  and  Paving $10,088  07 

Grading,  Grayeling  and  Paying  Gatters, 85,498  90 

Grading  and  Grayeling, 11,203  62 

Paving  Gutters, 1,069  15 

Seweri, 28,192  26 

Bnildings  and  Miscellaneous 4,970  80 

Total  cost  of  completed  work, $90,972  30 

Add  payments^made  on  work  in  progress, 48,413  75 

*«  "  «    on  Water  Works  construction 101,993  97 

•*  «»  "      ««        ««        "        operation, 7,793  52 

Total, $244,178  64 

Deduct  payments  previous  to  May  1st,  1875,  $27,816  31 
Due  on  Water  Works  const'n       «*         "       25,750  63 

"    "        «        «        operafn     "  «<  533  78—  54,100  72 

Total  expended  under  direction  of  the  Board, .$180,072  82 
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BUILDINOS    AKD    UISGELLANBOUS. 


IXPSOVBMXITTS. 

ComnuoTOB. 

Cost. 

Bam  at  Engine  House  No.  1, 

Bams  at  Engine  Houses  Nos.  8,  4,  6  and  6, 

R^^servolr  in  Grandville  Avenue.    ......... J. ...... 

Chas.  H.  Peale  k  Co.,  . . 

John  Van  Every. 

Leonhard  Schneider, . . . 
Joel  Collins 

$1116  75 

mn  60 

190  00 

Beservoir in  Ouimbv  Street.  ...................... 

4M  00 

Sidewalk  oB  Leonard  Street  Bridge, 

Vault  in  office  of  Board  of  Public  Works, 

Ambrose  Mitchell, 

Leonhard  Schneider, . . 

400  00 
489  95 

$4970  30 

Improvements  now  in  Progress. 


STREET.        FROM               TO 

Length 
Feet. 

Contractor. 

Improvement. 

Esti- 
mated 
Cost 

Bridge,  . 
Canal,.... 
Lyen,  .... 
Bartlett,.. 
Cedar  ... 
Cemetery, 
Clinton,  .. 
Ooldbrook, 
Ctoodrich, 
Ionia,  .... 
Bansom,.. 
Indiana,.. 
Front  .... 

Powers' 

Canal, 

Pearl 

Division,... 
Clancy,  .... 

Fulton, .... 

176  ft.  s  of) 
Trowbri'e  / 

Canal 

Division.... 
Evergreen  . 
Fountain, . . 
Bridge,  .... 
Bridge,  .    . 

Broadway.... 
N.  Umlts, . . . 

Division, 

Waterloo, 

College  Ave, 
Fountain,.... 

Mason, 

Coit  Avenue, 
Waterloo,  ... 

Cherry, 

Lyon, 

Jackson, 

Pearl, 

1044 

0273 

1036 

3569 

1650 

756 

1876 

1572 

2878 

4678 

711 

924 

1356 

T.  0.  Brooks, 

Leonard  Ifc   \ 
Sterling,/ 

John  Collins, 

nteeft         ) 
Idvingston/ 

i«       •• 

Joel  Oollings, 

P. Orady,  .... 

Leonard  k   \ 
Sterling/ 

T.  C.  Brooks, 
P.  J.  Britton, 
John  Collins, 

«            <c 

Powers  k     \ 
Converse,/ 

Grading  k  Paving 
II             «< 

•1             <i 
a.  G.  JcPav.  Out. 

<l          «          u 
It           f.            u 

(t        «f         l< 
t«         It         II 
II        II         II 
II         II         II 

M             II             II 

Grad'ng  k  Gra'ng 
Grading,  

$     5000 

62000 
8000 

7500 
6060 
1300 
5500 
3000 
80OO 
108D0 
1700 
2800 
2600 

80222 

$119  160 

On  these  improyements  payments  have  been  made  on  es- 
timates to  tbe^amount  of $43,413  75 


Water   Works. 

Owing  to  the  want  of  funds,  nothing  was  done  towards 
the  extension  of  the  Water  Works  until  August  7th, 
when,  the  Common  Council  having  authorized  an  addi- 
tional loan  of  $100,000,  the  Board  received  proposals  for 
furnishing  and  laying  about  6  miles  of  pipe,  including 
stop  valves,  hydrants  and  special  castings.  Following  is 
a  schedule  of  the  bids  received. 
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Schedule  of  Proposals  for  Water  Pipe,  Aug.  7th,  1876. 


FuTington  h  Branch. 

(Jbarlett 

Mr- 
Ritohle 

Rmitb  h 
McEwan. 

Tbaddeiu  0. 
Brooks. 

'  Cregier, 
CUrk* 
Co. 

• 

1 
Wyckoff.  'Cut Iron. 

GMt 

Cast  Iron. 

1 

Cast  Iron. 

1 

5 

Stro 

1 

1    Iron. 

8tro  ;Lig 

CO 

Llg  '  Stro 

H^ 

Strong. 

Otro  Lig 

ng. 

bt.  1  nR. 

ht. 

n«. 

1    bt. 

ng      bt. 

90  In.  pipe.  3  CO 

•  •  • 

2  13 

•  •  •  * 

1  85 

1 

4  37  4  18 

14  •'     " 

.... 

2  49  2  42 

2  30 

2  15 

■  •  •  • 

•  •  • 

•  as       • 

12  "      " 

'1 
1681302091  97 

1          1         1 

2  05 

2  04 

■  ■  • 

1  95 

10  "      «• 

....'i  4e'i  n'l  54'i  60 
1       1       1 

1  61 

•  ■  •  • 

1  •  •  • 

i 

1  49  1  33 

8    "      " 

....   1  10^0  97|l  31  1  22 

1  30 

1  32  1  28 

1  27  1  06 

•  •  •      • 

6    *'      « 

0  89  0  76: 0  97  0  87 

1 

0  93^  0  92  0  83 

0  63 

0  94  0  83 

0  64 

4    ««      it 

0630  57  068068 

n  n?    0  63 ,0  fig 

0  43 

0  65  0  68 

038 

« 

1                                            '          ' 

20  inch  yalves,  $240                 |         

•    •    ■    a 

not  set. 

14    •«        "          133 

$110 

$132   . 

$125 

$125 

12    «*        "            84 

00 

105 

90 

70 

10    "        **             64 

70 

70 

57 

55 

8      "        »*             51 

52 

52 

47 

48  CO 

6      «*        **            89 

42 

88 

84 

83 

4      «*        'i             27 

80 

27 

24 

20 

HYDRANTS 

• 

Single,                   50 

50 

•  »  «  • 

50 

45 

Doable,                  54 

55 

45 

•  •  ■  « 

60 

Mathews  Triple,    75 

•  •  •  • 

•  •  •  • 

52.-75.0^'  Stfm 

•  •  •  • 

Flowers  Dapiex,    . . . 

■  ■ . . 

72 

•    a    a   s 

•  *  •  • 

Lowry,                   90 

■  •  •  • 

90 

7b 

•  ■  •    » 

Cregier,                      Single,  with  independent  i 

lozzle  valves 

.    75 

(( 

on 

Tin. 

nKlo 

u 

It 

It 

ic 

tc 


70        "        without    »» 
Special  casting,  8}c.  5c.  4^c. 

Extra  Exc.  40c.  50c.  50c. 


(( 


it 


4  c. 
40c. 


Contracts  were  entered  into  with  Farrington  &  Branch 
for  Wyckoff  pipe  12  and  14  inches  in  diameter,  with  Thad- 
dens  C.  Brooks  for  cast  iron  pipe,  4,  6,  8  and  10  inches  in 
diameter,  and  with  Smith  k  McEwan  for  logs  4  and  6 
inches  bore. 
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These   contracts    have  all  been  completed  and    the 
amount  of  work  done  is  as  follows  : 

1317        Lineal  feet,  14  inches,  Wyckoff  Pipe. 


2210  70 

(( 

Ct 

12 

<( 

tt               n 

1779 

(( 

(( 

(I 

t( 

(I               t( 

519  75 

it 

tt 

10 

tt 

Cast  Iron  Pipe, 

3227  40 

« 

»( 

8 

tt 

U                 .( 

6917  21 

u 

(« 

6 

tt 

tc           i( 

4808  65 

it 

tc 

4 

(I 

<(           tt 

8529  25 

cc 

u 

0 

tt 

Lrg3. 

1141  14 

it 

tt 

4 

tt 

c» 

1 

141 

[ncli  Stop  Valves. 

8 

12- 

>  tt 

tt 

1 

10 

iC 

4 

8 

tt 

IS 

G 

tt 

12 

4 

It 

53 

Lowry  Hydrai: 

its. 

15 

Mathews 

tc 

The  streets  on  which  these  pipes  were  laid  are  marked 
*  in  the  list  of  water  mains  annexed  to  this  report. 

The  total  length  of  pipe  laid  during  the  year  was  30450 
feet,  or  including  the  pipe  under  the  river,  the  pipes  at 
the  setling  basin  and  the  supply  pipe  from  the  basin  to 
the  engine  house,  33311  feet=6  3-10  miles. 

Of  the  6  inch  Wyckoff  pipe  laid  in  Shawmut  Avenue, 
770  feet  was  old  pipe  taken  from  Pearl  street  bridgt?,  after 
the  pipe  under  the  river  was  completed.  With  the  ex- 
ception of  this  line  no  Wyckoff  pipe  was  laid  less  than  12 
inches  in  diameter,  the  great  reduction  in  the  price  of 
cast  iron  having  removed  the  chief  reason  ekcept  for 
large  sizes,  which  governed  the  Board  in  adopting  this 
pipe  in  1874. 

^  The  logs  laid  are  only  on  the  higher  levels  where  the 
pressure  seldom  exceeds  ten  pounds  per  square  inch. 
They  were  adopted  from  motives  of  econom}'  in  order  to 
extend  the  distribution  as  far  as  practicable  into  a  neigh- 
borhood of  residences  which  promised  to  be  large  con- 
sumers of  water. 
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The  Mathews  Hydrants  have  6  inch  stand  pipes  and 
2  hose  and  1  steamer  conneetions.  They  were  set  on  the 
principal  business  streets  in  place  of  two-nozzle  Ludlow 
hydrants,  of  which  7  have  been  re-set  on  the  pipe  laid 
this  year,  and  8  are  on  hand  to  be  re-set  on  future  ex- 
tensions. 

A  short  experience  with  the  Lowry  Hydrants  set  in 
1874,  satisfied  the  Board  that  the  public  interest  would  be 
subserved  by  a  radical  change  in  the  action  of  the  valves. 
The  work  was  satisfactorily  done  by  Messrs.  Leitelt  Bros. 
kCo.j  and  t^je  proportion  of  the  cost  to  be  paid  by  the 
city  and  contractors  was  settled  by  arbitration. 

The  total  length  of  pipe  now  laid  in  the  city  is  99778 
feet,  or  18  9-10  miles,  of  which  all  but  5012  feet,  or  less 
than  one  mile,  is  available  for  tapping.  There  are  111 
stop  valves,  and  199  hydrants,  of  which  171  are  Lowry, 
15  Mathews  and  13  Ludlow. 

Pipe  Across  Grand  River. 
The  connection  between  the  east  and  west  sides  of  the 
river  has  been  completed  by  the  laying  of  the  12-inch 
wrought  iron  pipe  described  in  the  last  report,  in  a 
trench  cut  in  the  rock  bed  of  the  river.  Two  additional 
lengths  were  manufactured  by  A.  Leitelt  Bros,  k  Co., 
making  the  total  length  784  feet.  All  bids  received  for 
digging  the  trench  and  laying  the  pipe  being  considered 
too  high,  the  work  was  done  by  the  day,  under  the  su- 
perintendence of  Silas  M.  Pelton,  at  a  saving  ©f  several 
hundred  dollars.  The  pipe  was  put  together  on 
trestles,  the  joints  being  packed  with  bass-wood  gaskets, 
and  the  entire  length  lowered  into  the  trench  at  once  by 
jack-screws. 

Reservoir. 

The  outer  slopes  of  the  reservoir  have  been  sown  with 
grass-seed  this  spring  to  prevent  wash.  The  reservoir 
is  in  good  order  and  has  shown  no  signs  of  leakage  since 
its  completion. 
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Engine  House. 

Since  the  last  report  the  engine  house  has  been  ac- 
cepted, and  settlement  made  with  the  contractors;  floor- 
ing and  wainscotting  put  in  the  engine  room ;  the  engine 
room  painted  and  the  floor  oiled ;  a  lightning  rod  pot  up 
on  the  chimney,  and  the  grounds  on  the  east  and  south 
sides  of  the  building  filled  up  to  the  new  grade  of 
Canal  street  with  soil  selected  from  the  excavation  for 
the  settling  basin. 

When  the  improvement  of  the  street  is  completed  the 
grounds  should  be  sodded  or  sown  with  grass-seed,  and 
enclosed  with  a  neat  fence. 

A  shed  should  also  be  built  to  protect  the  fuel  from 
the  weather,  and  a  more  convenient  means  of  commu- 
nication made  between  the  wood  yard  and  the  boiler 
room. 

Pumping  Machinery. 

The  pumping  machinery  has  been  completed  and  set- 
tled for.  The  engine  commenced  pumping  into  the  res- 
ervoir on  the  9th  day  of  June  1875,  and  has  since  fur- 
nished the  city  with  its  entire  supply. 

The  engine  is  of  the  horizontal,  direct  acting,  expan- 
sive, condensing  type,  with  steam  cylinder  thirty-three 
inches  in  diameter,  and  six  feet  stroke,  with  balanced, 
double  beat  poppet  valves  set  on  the  top  side  of  the 
cylinder.  The  valves  are  fitted  with  a  variable  cut-oflFof 
Mr.  Turner's  invention,  arranged  so  as  to  cut  oft'  at  any 
point  of  the  stroke. 

The  engine  is  built  on  an  ornamental  moulded  frame, 
48  feet  5  inches  long,  by  20  inches  deep,  and  5  feet  2 
inches  wide,  which  is  narrowed  at  the  back  end  to  about 
3  feet  8  inches  for  10  feet  of  the  length  to  receive  the 
main  pump. 

The  air  pump  is  worked  with  pendulum  shaft,  lever 
and  links  from  the  main  cross-head,  and  together  with 
the  common  jet  condenser  maintains  a  vacuum  equal  to 
26  inches  of  mercury. 
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The  main  pump  is  14|  inches  in  diameter  and  6  feet 
stroke,  connected  to  the  back  end  of  the  piston  rod  with 
light  cross-head  and  slides  between  it  and  the  steam 
cylinder.  It  is  a  double  acting  piston  pump  with  rubber 
valves,  each  suction  and  delivery  valve  being  composed 
of  two  separate  valves,  and  from  their  arrangement  in 
side  pipes  on  each  side  of  the  water  cylinder  they  are 
easy  of  access  for  repairs.  It  is  provided  with  vacuum 
and  air  chambers,  the  lower  part  of  the  latter  being  of 
cast  iron,  which,  while  serving  as  a  solid  foundation  for 
air  chamber,  also  forms  a  well  for  the  pump  to  draw  the 
from.  The  air  chamber  is  3J  feet  in  diameter  and  15 
feet  high. 

The  fly  wheel  is  14  feet  in  diameter  and  weighs  1,700 
pounds. 

Steam  is  generated  in  one  externally  fired  tubular 
boiler  16  feet  long  and  6J  feet  in  diameter,  with  90  four- 
inch  tubes  in  it. 

To  the  front  end  of  the  boiler  is  rivetted  a  circular 
heater  or  water  leg,  extending  from  the  bottom  one- 
third  of  the  circumference  upon  each  side,  by  about  2 
feet  6  inches  long,  and  having  three  inches  water  space. 
This  serves  the  double  purpose  of  a  heater  and  smoke 
box,  and  at  the  same  time  dispenses  with  a  brick  arch 
over  the  fire.  The  boiler  has  a  handsome  heavy  fire 
front,  with  six  convex  air  tight  doors,  and  strong  flanges 
inside  to  receive  brick  work. 

The  engine  is  estimated  to  be  capable  of  delivering  at 
sixteen  revolutions  per  minute  2,800,000  gallons  in  24 
hours  into  the  reservoir,  the  water  line  of  which,  when 
full,  is  148J  feet  above  the  pumps. 

The  Worthington  engine,  which  supplied  the  city  pre- 
vious to  the  completion  of  the  new  engine,  has  been 
removed  from  the  temporary  engine  house,  and  is  now 
undergoing  repairs. 

The  house  has  passed  by  agreement  into  the  possession 
of  the  owner  of  the  land  on  which  it  stood. 
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Settling  Basin. 

When  the  engine  first  commenced  running,  it  took  its 
supply  of  water  from  Coldbrook  creek  by  means  of  a 
temporary  pipe  20  inches  in  diameter,  made  of  pine 
staves  banded  with  iron,  which  took  the  water  from  the 
creek  on  a  parcel  of  land  leased  of  Bichard  Long,  on 
the  east  side  of  Canal  street,  and  brought  it  into  the 
settling  well  adjoining  the  engine  house.  As  the  water 
of  this  creek  is  frequently  muddy,  and  otherwise  some- 
what objectionable,  this  arrangement  was  only  intended 
for  temporary  use  until  a  connection  could  be  made  with 
Carrier  creek,  the  proposed  source  of  supply.  This 
creek  furnishes  about  818,000  gallons  per  day,  sufficient 
for  present  consumption,  but  in  its  natural  state,  either 
constant  pumping  would  be  required,  or  the  entire  fl.ow 
while  the  engine  was  not  pumping  would  be  lost.  It  be- 
came necessary  therefore  to  provide  means  for  storing 
the  water.  This  has  been  accomplished  by  the  construc- 
tion of  a  Storage  Reservoir  or  Settling  Basin. 

The  site  for  this  basin,  including  ten  acres  of  land, 
was  purchased  of  Richard  Long  and  others  for  $15,000, 
and  includes  an  abandoned  mill  pond,  one  of  the  oldest 
in  this  section  of  the  country.  Carrier  and  Coldbrook 
creeks  run  through  the  grounds,  the  mouth  of  the  for- 
mer being  on  the  present  site  of  the  basin. 

The  plans  for  the  basin  were  prepared  by  the  City  En- 
gineer, and  the  contract  for  its  construction  was  awarded 
to  Peter  Granger  on  the  7th  day  of  August.  The  bids 
ranged  from  $6,652  to  $1P,969.  The  work  was  comple- 
red  in  the  Fall  as  far  as  the  specifications  provided,  which 
was  sufBcient  to  bring  it  into  use. 

The  basin  is  made  of  a  form  adapted  to  the  shape  of 
the  ground,  having  seven  sides,  the  respective  lengths  of 
which  at  the  bottom  of  the  basin  are  356',  38',  84'5", 
169'8",  69'2",  172*5",  88'6". 

The  area  at  the  bottom  is  51  717  square  feet,  and  at 
the  proposed  water  line  80  636  square  feet. 
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The  two  northeasterly  sides  are  entirely  in  excavations 
the  others  partly  in  excavation  and  partly  in  embank- 
ment. The  entire  bottom  is  an  impervious  clay.  The 
embankment  is  12  feet  ^ide  on  the  top,  the  outer  and 
inner  slopes  are  each  two  horizontal  to  one  vertical.  The 
inner  slope  is  broken  by  twoberms,  each  three  feet  wide, 
at  7  and  13  feet  above  the  bottom,  for  convenience  in 
passing  around  the  edge  of  the  water.  The  top  of  the 
embankment  is  15  feet  above  the  bottom  of  the  basin  or 
three  feet  above  the  proposed  water  line.  The  embank 
ment  is  formed  of  material  selected  from  the  excavation, 
which,  being  mostly  clay,  required  no  puddling.    In  the 

south-west  corner  there  is  a  pocket  of  lighter  material 
in  the  original  soil  through  which  roots  appear  to  have 
ran  to  the  new  channel  cut  for  Coldbrook  creek,  and 
caused  a  small'  leak.  This  corner  will  have  to  be  lined 
with  puddle. 

The  inner  slopes  are  not  paved.  The  paving  was 
omitted  for  several  sufficient  reasons :  1st,  there  was  no 
money  to  pay  for  it ;  2d,  if  the  paving  had  been  done, 
the  basin  could  not  have  been  brought  into  use  before 
the  middle  of  the  coming  summer;  Sd,  it  was  difficult 
to  determine  beforehand  what  material  would  be  met 
with,  and  how  much  and  what  character  of  protection 
the  slopes  would  require. 

Observations  of  the  .effect  of  the  water  upon  the  slopes 
daring  high  winds  show  that  it  woujd  be  advisable  to 
pave  a  portion  if  not  all  of  the  slopes  with  dry  stone  to 
prevent  the  water  from  becoming  turbid  by  the  washing 
of  the  clay,  as  well  as  to  guard  against  possible  accident 
from-the  operations  of  muskrats.  This  should  be  done 
if  possible,  during  the  present  season. 

A  high,  tight  fence  should  also  be  built  around  the 
basin  to  break  the  force  of  the  wind,  and  prevent  its 
being  made  a  place  of  resort  for  bathing. 

The  water  of  Carrier  creek  is  admitted  to  the  basin 
by  an  inlet  pipe  of  cast  iron,  20  inches  in  diameter  and 
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63|feet  long,  on  the  east  side  of  the  basin.  The  joints 
are  protected  by  small  piers  of  masonry.  A  similar  in- 
let pipe  is  provided  on  the  south  side  of  the  busin  for  ad- 
mitting the  water  of  Coldbrook  creek  temporarily  in 
case  of  necessity,  or  for  extension  to  the  head  waters  of 
that  creek,  whenever  the  supply  from  Carrier  creek  be- 
comes insufficient.  Each  inlet  pipe  is  provided  'with  a 
20-inch  valve,  over  which  is  built  a  chamber  of  brick 
masonry,  with  man-hole  in  the  top,  and  at  the  upper  end 
of  each  pipe  is  a  chamber  of  plank,  SJ'xS^'  and  8  and 
10  feet  deep,  into  which  the  water  from  the  creek  flows. 
The  outlet  of  the  basin  is  a  mass  of  masonry,  of  an 
extreme  length  of  50  feet,  and  an  extreme  width  of  23 
feet,  and  a  depth  varying  from  3  to  18  feet. 

The  water  passes  from  the  basin  through  a  channel  4 
feet  wide  and  32  feet  long,  between  retaining  walls  into 
a  chamber  4'xl3'  and  14  to  16  feet  deep.  There  is  a  fall 
of  one  foot  in  the  bottom  of  this  channel  from  the  basin 
to  the  chamber. 

Near  the  west  end  of  the  channel  is  a  set  of  three 
screens  of  copper  wire  J  inch  in  diameter,  and  J  inch 
mesh,  one  above  the  other,  having  a  total  height  of  14 
feet  and  width  of  4J  feet. 

The  frames  of  the  screens  are  held  by  grooves  3  inches 
wide,  and  3  inches  deep  cut  into  blocks  of  Joliet  stone, 
built  into  the  bottom  and  side  walls  of  the  channel.  The 
screens  are  raised*by  a  chain  attached  to  hooks  on  the 
frames. 

Through  the  west  wall  of  the  chamber,  near  its  north 
end,  the  20-inch  supply  pipe  is  built,  passing  through  a 
dry  valve  chamber  4x6  feet  and  14  feet  deep,  in  which 
is  set  a  20-inch  valve.  The  bottom  of  the  pipe  is  one 
foot  above  the  bottom  of  the  basin,  thereby  avoiding  the 
drawing  of  the  sediment.  Kear  the  south  end  of  the 
chamber  a  drain  one  foot  square  passes  through  the 
wall  into  a  waste  chamber  4  feet  square  and  16  feet  deep. 
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The  bottom  of  the  draiu  is  oue  foot  ^below  the  bottom 
of  the  basin,  and  by  it  the  entire  basin  can  be  emptied 
when  necessary.  Above  the  drain  are  two  overflows, 
the  lower  2  feet  square,  the  upper  4  feet  wide  and  2i 
feet  high.  These  openings  are  intended  to  keep  the 
water  line  at  6  or  12  feet  above  the  bottom  of  the  basin, 
as  may  be  necessary.  The  drain  and  lower  overflow  are 
closed  by  cast  iron  gates  with  composition  faces,  moved 
by  rods  which  rise  to  the  top  of  the  masonry. 

The  water  from  the  waste  chamber  is  drawn  off 
through  a  sewer  of  fire-clay  pipe,  2  feet  in  diameter  and 
76  feet  long,  which  passes  under  the  supply  pipe  into  the 
creek. 

The  valve  and  waste  chambers  are  separated  by  a  wall 
3  feet  thick,  through  which  a  3-inch  sewer  pipe  drains 
the  former  into  the  latter. 

The  coping  of  the  entire  structure,  the  faces  of  the 
drain  and  overflows,  and  the  bottom  of  the  waste  cham- 
ber, are  of  dressed  Joliet  stone  ;  the  rest  of  the  masonry 
is  rubble  laid  in  cement  mortar,  and  the  bottom  is  paved 
with  cobble  stones. 

To  divert  Coldbrook  creek  from  the  site  of  the  basin, 
a  new  channel  was  cut  which  passes  over  the  supply  pipe 
and  sewer.  To  protect  these  a  frame  dam  was  built  a 
few  feet  below  the  pipe,  which  raises  the  water  to  a  suf- 
ficient height.  This  temporary  arrangement  was 
adopted  in  the  hope  that  the  Council  would  adopt  meas- 
ures to  divert  the  creek  through  a  sewer  down  Coldbrook 
street  to  the  river,  which  would  not  only  remove  all  pos 
sible  danger  of  injury  to  the  pipe  and  basin,  but  also 
enable  the  Board  to  fill  up  and  improve  the  lands  ad- 
joining the  basin,  and  sell  such  as  may  not  be  needed  for 
its  purposes.  If  this  should  not  be  done  it  will  be  nec- 
essary to  protect  the  pipe  and  sewer  with  masonry.  • 

Another  frame  dam  is  built  across  the  creek  just  be- 
low the  inlet  pipe,  to  divert  the  water  of  the  creek  into 
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the  basin  when  nesessary,  and  a  third  over  Carrier  creek. 
The  total  cost  of  the   basin    to  date,  including  work 
done  outside  of  the  contract  is  $8,166.37. 

The  work  was  done  under  the  faithful  and  competent 
superintendence  of  Wm.  Thornton  Esq.,  Assistant  En- 
gineer. 

The  basin  is  calculated  to  hold  12  feet  of  water,  and 
with  that  depth  will  contain  6,898,459  gallons.  It 
answers  the  double  purpose  of  storing  the  water  which 
would  otherwise  be  lost  while  the  pump  is  not  running, 
and  allowing  the  water  to  deposit  any  sediment  it  might 

contain. 

Supply  Pipe. 

The  supply  pipe  from  the  basin  to  the  engine  house 
is  1,993  feet  long,  of  which  133  feet  is  cast  iron  20  inches 
in  diameter,  and  1,860  feet  is  made  of  pine  staves,  3  inches 
thick  and  banded  with  wrought  iron.  The  pipe  is  made 
in  sections  8  feet  long,  each  section  tapering  from  22 
inches  in  diameter  at  one  end  to  20  inc)ies  at  the  other. 
Six  inches  in  length  on  the  outside  of  the  small  end  and 
the  inside  of  the  large  end  are  beveled  off  to  a 
thickness  of  one  inch,  and  the  connection  made  by 
driving  the  small  end  of  each  pipe  tightly  into  the 
large  end  of  the  adjoining  one.  The  joints  of  the 
staves  are  cut  to  the  radius  of  the  circle,  and  the  out- 
side of  each  pipe  is  turned  off,  and  strengthened  by 
seven  bands  3-16  inch  thick  and  from  1  to  li  inches 
wide,  usually  14  inches  between  centers,  rivetted  and 
driven  on  from  th«  small  end. 

The  entire  outside  of  the  pipe  is  thoroughly  coated 
with  pitch.  The  pipe  was  manufactured  by  Powers 
&  Walker  for  $1.25  per  foot  measured  in  the  ground, 
and  laid  by  Smith  &  McEwan  for  54  cents  per  foot. 

Supply  of  Water. 
The  average   daily   flow   of  Carrier   creek   is  about 
818,000  gallons.     The  report   of  the    engineer   of  the 
pumping  works  shows   that  the   daily  consumption  is 
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DOW  about  500,000  gallons.  As  the  consumption  is  like- 
ly to  increase  rapidly  it  evidently  must  soon  reach 
the  limit  of  the  supply.  It  is  true  that  at  any  time 
Coldbrook  creek  can  be  turned  into  'the  basin,  so  that 
there  is  no  danger  of  a  water  famine,  but  the  water 
of  this  creek  is  exposed  to  contamination  in  its  flow 
through  portions  of  the  city,  it  is  frequently  muddy, 
and  during  the  summer  season-  especially,  is  not  of 
such  quality  as  is  desirable  for  a  permanent  supply  for 
domestic  use.  Measures  must  therefore  soon  bt  taken 
for  laying  a  pipe  from  the  basin  to  a  point  on  the 
creek,  half  a  mile  east  of  the  city  limits,  where  pure 
water  can  be  obtained,  above  the  influences  of  dwell- 
ings and  the  outlet  of  Heed's  Lake,  to  the  amount  of 
about  1,000,000  gallons  per  day.  As  this  would  cost 
several  thousand  dollars,  it  might  be  well  first  to  ascer* 
tain  whether  the  flow  of  Carrier  creek  cannot  be  in- 
creased by  laying  drain  pipes  to  collect  the  springs  at 
its  head  and  thus  saving  the  water  which  is  now  absorbed 
in  the  mucky  soil  and  carried  off  by  evaporation.  This 
would  cost  but  a  few  hundred  dollars  and  would  prob- 
ably result  in  a  considerable  increase  of  the  supply. 

COST    OP   WATER   WORKS. 

The  total  expenditure  for  construction   of  the   Water 
Works  to  May  1st,  1876  is  as  follows : 


Real  Estate, 

Pipe  System, 

Pipe  under  river,   

Connections  with  pumps, 

Beservoir, 

Settling  basin  and  supply  pipes 
Engine  house,  temporary 

*'  **  Permanent 

Pumping  Machinery,     '^ 

"  **  Temporary 

Meters 

Hose  Heads,    

Engineering  &  superintendence 

Printing  and  Advertising 

Expenses  of  Loan, 

Miscellaneous, 

Total".. 


52.592  54 
2,G16  59 


3,264  38 

12,571  23! 

20  00 

3,548  36 

7,284  56 


825  62 


3,438  65 

40  05 

189  69 

289  80 


30,050  00 

122,690  69 

2,004  75 

364  37 

51,401  88 

250  39 

21,018  06 

14,181  81 

2,331  75 

600  00 

2,972  47 
152  50 
463  01 
290  79 


$  45,362  50 

175,283  23 

4,621  34 

364  37 

54,666  26 

12,671  23 

270  39 

24,566  42 

21,466  37 

2,331  75 

825  62 

600  00 

6,411  12 

192  55 

652  70 

680  69 

•t  101,993  97Jfi5  LM8,772  47^  350,766  44 
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Maintenance  and  Operation  of  Water  Works. 
The  total  receipts  of  the   Water  Works  Fund  have 
been  as  follows : 


PrevioiiB  to  May       Siiic<»  May 


1st,  1875. 


l8t,  1875. 


Total. 


From  sale  of  Bonds,  t  240,084  91 

-    i^ndspaidtoFarrmgton)  I       ^0,000  00 
&  Branch, ^>  * 

*'    private  parties  for  pipe  laid' 


$  101,075  01  $  342,000  52 

10,000  00 

171  r>8  171  58 


Total 'f  250,084  Oi:$  102,147  10$  352,232  10 


Expenditures  for  construction,  $  248,772  47    $101,993  97    $350,760  44 

Water  Works  Income  Fund. 


RECEIPTS. 


iPrerlous  to  May 
I       1st.  1875. 


Since  May 
Ist,  1875. 


Total. 


From  permits, 

**    Water  Kates,.. 
"    Frontage  Tax, 


Total, 


$  1,000  00 
132  61 


$  1,192  01 


$  1,250  10,     f  2,310  00 


7,000  52,         7,733  13 
3,004  37!         3,004  37 


I 
i?     11,914  89      $13,107  50 


Operating  expenses,  $  0,132  31     $  7.793  52    $  13,925  83 

Interest  on  Bonds, 17,037  33       20,280  00         43,917  3:J 

The  expenditures  for  maintenance  and  operation  since 
May  1st,  1875  have  been  as  follows : 

For  Pumping— Wages $2,167  67 

Labor, 468  27 

Fuel, 2,967  40 

Oil, 45  73       =- 

For    Repairs,— Engine  House 129  55 

Engine, 172  20 

Pipes, 70  67       -= 

For  tapping  Mains  and  setting  Metera, 

'*    Clerical  and  Office  expenses, 

Rent  and  Taxes, 

"    Printing  and  Binding 

"    Freight  and  Cartage, 

Sundries, 

Total, $7,703  52 


$0,649  03 


872  42 
788  25 


676  96 

124  13 

45  10 

59  74 

77  89 
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The  receipts  of  the  Works  since  they  were  opened 
have  fallen  short  of  paying  the  running  expenses  by 
$818.33,  but  during  the  past  year  the  receipts  have  ex- 
ceeded the  expenditures  by  $4,121.31. 

It  may  reasonably  be  expected  that  during  the  com- 
ing year  the  receipts  will  amount  to  $18,000,  and  that 
the  expenditures  will  not  exceed  $10,000,  leaving  a  bal- 
ance of  $8^000  to  apply  on  the  interest  account. 

Number  of  Permits  for  tapping  issued  since  May  1, 1875,  257 
"  "        ««  "        "  "    previous  to  "       **  216 

Total  number  issued 473 

Number  Cancelled, 11 

Number  now  in  force, 462 

Heretofore  the  tapping  of  the  street  mains  has  been 

done  by  Messrs.  Tho's  Smith  &  Co.,  and  Schriver, 
Weatherly  &  Co.,  under  licenses  from  the  Board,  but 
the  Board  has  directed  that  hereafter  this  work  shall  be 
done  by  some  one  in  their  immediate  employ,  who  shall 
also  inspect  all  plumbing. 

Licenses  for  general  plumbing  have  been  granted  du- 
ring the  year  to  Voris  &  Wright,  John  A.  Walkeley, 
A.  Leitelt  Bros.  &  Co.,  and  Sproule  &  McGurrin. 

Thirty-eight  meters  have  been  purchased  during  the 

year,   making  the   total  number  43,   of  the  following 

sizes : 
Ball  A  Pitts,  2  li-inch,  6  1-inch,  13  J-inch,  16  g-inch.    Total,  37. 
Worthington,  2      **  4      **  Total,    6^ 

One  of  these  meters  was  the    means  of  discovering 

leaks  on  a  single  service,  through  which   nearly  18,000 

gallons  of  water  were  being  wasted  daily. 

Operation  of  the  Pumping  "Works. 
Mr.  Demetrius  Turner,  Engineer    of   the  Pumping 

Works,  makes  the  following  report  of  the  operations  of 
the  works : 

Commenced  pumping  with  the  new  engine  on  the  9th 
day  of  June  1875,  and  run  until  Dec.  31  without  keep- 
ing any  record,  but  kept  the    reservoir  full  to  twenty 

feet,  consuming  530  cords  of  wood. 

t 
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Hecord  of  Engiiie  from  January  1st  to  Arpil  30, 1876. 


MOHTH. 


Time 
Bun. 


No.  of 
Revolu- 
tions. 


Oallons 
Pumped. 


Daily 
Avenge. 


C!ordBof 

Wood 

consumed. 


Oostof 
Wood. 


January, 
February. 
March  ..., 
April, 


Total,   


h.-min. 
150-30 

145,346 

14,534,600 

468,858 

76i 

143-10 

146,481 

14,648,100 

605,107 

76 

102-05 

143,561 

14,356,100 

463,126 

88 

• 

184-10 

192,091 

19,209,100 

640,303 

67J 

570-55 

627,470 

62,747,900 

618,578 

307i 

$229  50 
228  00 
264  00 
202  12 

$  923  62 


The  engine  is  estimated  to  pump  100  gallons  at  each 
revolution. 

Total  number  of  days  pamping.   107 

Average  time  per  day   .      **       4h.  50  m. 

Cost  of  wood  to  raise  1,000,000  gallons  160  feet  high |U  72 

"                  "                 "              *     100       "       9  20 

Average  number  of  gallons  pumped  for  1  cord  of  wood,  203,810 

'*              "             "             "      1  cent  for  wood,  679 
The  wood  used  was  of  very  inferior  quality. 

Consumption  of  Water. 
Assuming  the  population  of  the  city  to  be  30,000,  the 
average  daily  consumption  of  water  for  each  inhabitant 
during  the  first  four  months  of  1876  has  been  17}  gal- 
lons, and  for  each  tap  1123  gallons.  This  is  very  much 
below  the  amount  that  will  be  consumed  during  the 
warm  summer  months,  when  the  large  number  of  street 
sprinklers  attached  to  the  works  will  be  in  use.  The  in- 
creased consumption  in  April  was  owing  to  the  large 
amount  used  in  blowing  off  from  the  pipes  the  mud 
which  had  accumulated  from  the  Coldbrook  water. 

Quality  of  Water. 
Previous  to  June  9th,  1875,  water  was  taken  from 
Grand  River,  and  from  June  9th,  1875,  to  Feb'y  26th, 
1876,  from  Coldbrook.  The  supply  from  both  these 
sources,  at  the  points  where  it  was  necessary  to  take  it 
was  objectionable  for  domestic  use,  though  every  possi. 
ble  measure  was  taken  to  protect  it  from  contamination^ 
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the  creek  haviDg  been  thoroughly  cleaned  out  nearly  to 
its  aeurce.  Since  Feb'y  26th  the  supply  has  been  taken 
from  Carrier  creek,  which  furnishes  the  best  water  that 
can  be  obtained  in  the  vicinity  of  the  city. 

Tables  accompanying  this  report  show  the  streets  in 
which  water  pipes  are  laid  and  the  kind  of  pipe,  the  lo- 
cation of  all  hydrants  and  stop  valves,  the  contents  of 
the  Beservoir  for  each  foot  of  depth,  and  the  items  of 
expenditure  for  construction  and  maintenance  of  the 
Water  Works  during  the  year. 

Respectfully  submitted. 

E.  W.  MUENSCHER, 

Engineer. 
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LIST  OF  WATER  MAINS -May  1st.  1876. 

EAST  SIDE. 


STREET. 


FROM. 


TO 


Size. 


ZjE^TO-'T 


Oast 
Iron. 


Wyekoff   Logi.      Total. 


(( 


•  Bostwick... 
Bridge,   


n 


ti 


it 


Barclay, Bridge, Bronson 

•  **  Bronson    ...  Lyon   

Fountain  ...Fulton 

Fountain  ...  Lyon  

Canal Ottawa    

Ottawa Coit 

Coit  Barclay  

Barclay Lafayette   ... 

Bronson 'Barclay Lafayette  .... 

♦  **  Lafayette  ...Union 

Pearl  County  jail .. 


Campau,, 
Canal, .... 


(i 


tt 


ti 


........I 


Pearl iBridge. 

EoginelloBu  ...| Leonard  .... 
Leonard....  !£.,&.&  Go's.  liU 
R.  8.  ft  C«'i.  lilL  North  limits 


♦Cherry  Summit Ionia 


it 

*     *• 
♦Clancy  . 
♦Clinton. 


Coit  Avenue, 

♦        *i 

Division 

4t       ti 


ijjie,        

♦Fountain  ... 

*         it 

•  •  • 

Fulton,    

Hastings 

Huron,    

Ionia, 

Jefferson  Ave 
♦Kent, 


it 


Lafayette, 


it 


it 


♦Lagrave, 
Ledyard  Al'y 


Jefferson  ...  Lafayette   ... 

Lafayette  ...iParis 

Bridge iHastings 

Bridge JHastings 

Hastings....; Fairbanks  ... 

Bridge JHastings 

Hastings  ...I Trowbridge  . 

Bridge iCherry,  

Cherry [Wealthy      ... 

Canal Uitdfi  Shops   ... 

Division   ..  j  Barclay   

Lafayette ...  Grand 

Division    . . .  Prospect 

Coit   Livingston... 

Canal Butterworth 

Pearl Oakes 

Oakes    Cherry    

Fulton  iWealthy 

Lyon 'Bridge 

Bridge  I  Trowbridge 

Trowbridge  I  Mason 

Bronson    ...iLyon 

Lyon] Fulton 

Fulton ICherry    

Fulton  Maple 

Pearl Rear  of  blocic 


it 


Leonard, iS.  Canal   ...  N.  Canal.. 

N.  Canal  ...|Plainfield 
Reservoir ...  Newberry 
Newberry...  Hastings.. 

Louis, Waterloo  ...'Campau  .. 

Lyon, Nebomlatterft  Co  Canal  


Livingston... 


it 


*      Canal Ottawa 


if 


<t 


Ottawa 'Division  . . 

Division    ...\ Lafayette 
Lafayette  ...  College   .. 


i 


Inekei 
14 

4 

4 

4 
12 
12 
14 
10 
14 

6 

4 
10 
12 

8 

6 

8 

8 

8 

6 

6 

6 
14 

6 
12 
12 

4 

4 

6 

10 
14 

4 

6 

6 

6 

6 

6 

6 
14 

8 

4 

6 

6 
12 
12 
20 
14 

4 

G 
10 
10 
10 
14 


ft.   in.  ft.   in.  ft.    in. 


a-4 

3-4 

824-7 

689-2 

605-0 

27-7 

2-2 
519-9 

2-2 
19-1 

7-7 
1496-0 

6-6 
22-1 

4—4 
902-0 

jelfo! 


613-4' 


646-8 


1503-0 
182-3 


498-7 


435-7 


825-11 

2136-1 

431-8 


652-4 


600-3 


3928-9 
1286-7 


2081 -1 


2615-9 


16 

4-5 

603-5 

5-5 

3-4 

8-5 

28-5 

19-5 

181-0 

1151-5 

19—3 

21-10  2352-4 

2-2    403-0 

294-0 

20-11 

475-4 

19-6 

1140-4 

8-4 

1701-0 

2-2 

8-8 

7-7 

1784-11 

2-2 

8-3 

8.0 

272-3 

6-6 

2-2 

445-0 

15-5    582-2 

608-5 

16-5  1660-10 
8  -1 1308-1 1 


1160-5 


649-3 
1565-9 
1136-3 


170-0 
33-11 
896-8 


1691-4 
427-2 


1072-11 


663-7 


1140-0 


66G-7 


2530-7 


••*•■•«< 


I 


ft.   in. 

516-8 

550-0 

824-7 

689-2 

605-0 

1530-7 

184-5 

519-9 

500-9 

1992-0 

443-2 

1496-0 

831-5 

2158-2 

436-0 

902-0 

667-8 

1665-0 

6G8-0 

603-5 

1145-5 

603-7 

675-0 

3957-2 

1306-0 

181-0 

1151-5 

264910 

2074-2 

405  2 

294-0 

2102-0 

475-4 

2635-3 

1140-4 

1168-9 

1701-0 

651-5 

1674-5 

1143-10 

1784-11 

172-2 

37-2 

904-8 

272-3 

1697-10 

429-4 

445-0 

597-7 

508-5 

1677-:^ 

1317-0 
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LIST  OF  WATER  MAINS.-May  1st,  1876. 

EAST  SIDE. 


STREET. 


FROM. 


TO 


Size. 


x^jsi^o-rr 


Cast 
Iron. 


Wyckoff 


Logs. 


ToUl. 


Mason |  Reservoir... 

**       Ottawa 

Monroe  !  Pearl 

Ottawa    ... 


Ottawa 

Monroe 

**  Newberry... 

*'       '  jMason   

Pearl  'Division    ... 

•Prospect  ...  Fulton  

•Ransom    ...  Fulton  

♦  '*         Bronson   ... 

*Sheldon  ....jFulton 

^Summit iGherry  

*  Washington  'Lafayette  .. . 
Waterloo Monroe 


Ottawa    

Canal  

Ottawa    

Division 

Newberry  ... 

Mason 

Engine  house 
Grand  River 

Lyon 

Fountain |     4 

Bridge |     4 

Oakes « 


laehei 
16 
12 
10 
12 
12 
12 
16 
6 
6 


Bartlett 
College 
Fulton.. 


8 
4 

8 


ft.   in. 
70-10 


in. 


ft.   in.  ft. 
894-8 
9-11    601-6 

692-0  

801-4  

4254-3' 

9-,")    572-2 
88-3  1524-5; 

28-101536-6 1 

291-1 

823-8 

4-4 

859-7  

660-5  


1807-11 
594^ 


.1319-9 

'     11-3  1037-9 


ft.   in. 

965-6 

611-5 

692-0 

801-4 

4254-3 

581-7 

1612-8 

1565-4 

1599-0 

823-8 

598-8 

859-7 

660-5 

1319-9 

1049-0 


WEST    SIDE. 


Allen   

Bridge,  .. 
Broadway 

Eighth 

Fifth  

Front  

Jefferson.. 
Pearl  ...  . 
Scribner .. 


Summer    ...  Winter 

Front    '  Stocking 

Bridge lEighth 

Broadway... [Front  ..., 
Broadway..  Seward 
Bridge 


(( 


•Shawmut 
Summer  ... 

Third 

Winter    ... 


Bridge 

Front    

Bridge 

Eighth  

Front    

Bridge 

Broadway... 
AUen 


Shawmut   ... 

Sibley 

Grand  River 

Eighth    

Webster 

Jefferson 

GR&IRR 

Seward   

Shawmut   ... 


8 

12 

12 

12 

6 

6 

4 

6 

6 

8 

6 

4 

4 

4 


3-3 

•>91  -2 

294  -5 

28-62000-9 

2029-3 

19-8  2847-3'  

2806-11 

9-4 

8  8 

19-6 

930-8 

940-0 

863-6 

872-2 

1650-7 

1670-1 

10-10 
3-3 

1308-5^ 

1319-3 

93-8' 

96-11 

17  4 

2821-8 

2839  U) 

20-7,4217-9 

4238 -4 

16-6  1779-0' 

I795  4i 

11-11 

2147-7 

2159  -6 

0-6 

817-2  

823-8 

5-5 

469-0 

474  --» 
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LIST  OF  WATEB  MAINS  May  1st,  1876. 
Not  Available  for  Tapping. 


STREET. 

u 

Xi  E  3iT  Gs- rr  :a . 

Cast 
Iron. 

Wro'ght 
Iron. 

Wyckoff;8«i^ 

Total. 

All^n  .....TT 

Blow  off 

Settling  Basin  to  Eng.  H 
Supply  Pipes 
Branch  to  Leitelt'6  Pump 
"       "Brush  Factory 
"       "Powers' Pump 
"      "  Star  Mills 
Canal  to  Front 
Branch  to  Butterworth's 
Under  Beservoir  Bank 
Blow  off 

Branch  to  Nelson&Matter 
Under  Heservoir  Bank 
Ionia  to  River — Waste 
Brueh  to  CoiDitoek'i  Pipes. 

Carrier  Creek  Inlet. 
Coldbrook  Creek  Inlet 
Branches  to  Hydrants 

in 

8 

20 

20 

4 

6 

4 

4 

12 

4 

20 

6 

4 

16 

12 

12 

4 

20 

20 

6 

ft.    in. 

1-1 

182-10 

72-1 

19-0 

1-1 

1-1 

1-1 

1-2 

30-6 

77-3 

24-0 

42-0 

109-0 

2-8 

7-0 

32-7 

63-6 

63-6 

400-6 

ft.    in. 

ft.    in. 
61-2 

ft  in 
180N) 

ft  in. 
62^ 

♦Coldbrook 

1992-10 

RDfriie  HoDw 
Erie.... 

*•            " 

72-1 

19-0 

Front  

44-5 

44-2 

55-10 

40-9 

45-6 
45-3 

(( 

56-11 

GrandRiv'r 
Huron,    ... 

784-0 

826-11 
80^ 

Liyingston 
Lyon,  

77-3 

24-0 

42-0 

Mason 

109-0 

(( 

1039-9 

1042-5 

Newberry 

7-0 

32-7 

♦SettGog  Buia, 

63-6 

63-6 

400-6 

Total  Pipe  Laid. 


20" 


16" 


14 


» 


12 


n 


10 


l»» 


8 


V 


6 


»> 


n» 


TOTAI.. 


Cast  Iron. 

Wrought  Iron. 

Wyokoff 

Log! 

Stave 


681-5 


1860-0 


268-1 


2419-1 


29-11 


5746-11 


5840-5  3269-10 
784-0 


16507-8 


4295-4 


3299-8 


9962-0 


7932-0 


15248-S 
8181-7 


546»-6  26791-0 
784-0 


6841-6 
1141-0 


61020-6 
9323-7 
1860-0 


Total |  2541-6|  2687-215776-10,23132-1 1  7565-2!l3621-8'31362-0]l3451-8|99778-0 

•  ^        ld.9Mi!oa. 
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LIST  OF  STOP  VALVES. 


STREET. 

LOCATION. 

PATTSBN. 

8IZX. 

inches. 

Barclay 

*     u 

South  Line   Brido'ti  fcJt 

Lowry 

Flowers 

Eddy 

14 

North    "      Lyon     "  

4 

*     <c 

"         "      Fulton  "   

4 

*BoBtwick,.. .. 

South    *«      Lyon      **   

4 

Bridge,  East . . 
ii 

West     "      Division  St 

Lowry 

t( 

Eddy 

Lowry 
It 

12 

"        "      Coit  Ave 

12 

♦          " 

East      '*      Barclay  St 

10 

Bridge,  West. . 

"        "      Front      " 

12 

«*       "      Summer  •' 

12 

•  • 

West     "      Broadway  St 

« 

12 

•  • 

«        "      Stocking      " 

tc 

12 

Broadway 

North    "      Bridf?e         ** 

ct 

12 

•   ■    ■  • 

South    **      Eighth         *' 

ti 

12 

♦Bronson 

East      "      Lafayette     " 

Flowers 

6 

f       a 

Wesi    "      Union           " 

cc 

6 

Canal, 

South    «      Lyon            " 

Ludlow 

10 

•* 

«'        "      Bridge         ** 

tc 

10 

•c 

At  En^ne  House, 

North  Line  Leonard  St.  •  • 

Lowry 

12 

<c 

ct 

b 

f « 

At  North  Limits  of  City 

6 

♦Cherry 

It 

East  Line  Summit  St •••• 

Eddy 
Lowrv 

t 

West    "    Laiavette  " 

8 

*    " 

East     "           "         " 

Eddy 

tc 

8 

«    it 

West    **    Collefire  Ave 

8 

♦Clancy  

North  "    Bridge     St 

Flowers 

6 

♦Clinton 

iC             C«                 4»                      cc 

Eddy 
Lowry 

6 

Colt  Ave 

tc             CC                it                     CC 

14 

*       u 

*'       "    nastioffs   " 

Flowers 

6 

Division 

South   **     Bridge       " 

Lowry 

tt 

12 

•< 

"        "    Lyon          " 

12 

(( 

"       "    Fulton       " 

cc 

Eddy 
it 

12 

*       u 

"       •*    Cherrv       ** 

12 

*       ii 

North  "    Wealthy  Ave 

12 

Eighth, 

West    "    Scribner  St 

Lowry 

cc 

12 

East     '*    Front       *» 

12 

Erie 

On  branch  to  Leitelt's  Shop, 

Ludlow 

4 

Fifth, 

West  Lino  Broadway  St 

Lowry 

6 

♦Fountain 

East      "      Division     <* 

Eddy 

4 

«               (C 

•      •      •      B 

«        "      Lafayette    " 

Flowers 

6 

•   •   •   • 

«*        "      College  Ave 

it 

6 

Front, 

hi 

Sonth  "      Bridire  St 

Lowrv 

6 

On  branch  to  Brush  Factory,  .... 

—  * 

6 

It 

"           "    Powers' Mill, 

4 

cc 

"           '»    Star  Mills, 

4 

FnUon         .  - . . 

East  Line  Division  St 

10 

Ci 

W  eat    **    Laiavette  ** 

10 

Ionia, 

cc 

East     **    Monroe     " 

1. 

6 

West    "        «            " 

6 

■TfifFerflnn     Ave 

South  "    Fulton       " 

6 

CI 

North  «    Wealthy  Ave 

.   6 

JefT^rsrm  flt  . . 

Sonth  **    Bridire  St 

4 

♦Kent, 

*     cc 

North  "    Lvon      "   

Eddy 

cc 

6 

Sonth  "    BridffC   *'   

0 

cc 

North  "        "         •*    

Lowry 

6 

♦    i« 

Sonth  **    Mason    "   . .  A 

Ecldv 

6 

Lafayette 

North  "    Fulton    "   

Lo 

— J 
wry 

8 

so 

LIST  OF  STOP  VALVES. 


STREET. 

Laiayette 

♦Lagrave, 

"^  Leonard  • . . . 
Liviogston,  . . 
Lyon,  

t( 

(( 

Mason     

(4 

Monroe 

t( 

Ottawa  

•••••■ 

<( 

•••••• 

(( 
(( 
t( 

ii 

•  .  •  •  •  I 

Pearl  

(I 

•••••••• 

♦Prospect 

♦Ransom, 

Scnbner, 

•  •  •  •  • . 

K 
kk 
(I 

♦Shawmut  Avt 

*  u 

♦3beldoD, 

Summer  

♦Summit, 

Third, 

♦Washington, 

Waterloo    . . . . 

♦Wiilter 

Engine  House, 
t.  (( 

(i  i( 

♦Settling  Basin 

*  t<  ti 

*  it  i< 


LOCATION. 


I 


PATTERN. 


South    Line   Lyon  St 

**  *'      Pulton " 

"  "     Cherry** 

East         "      Canal   " 

Foot  of  Reservoir  Bank, 

West  Line  Ottawa  St 

"        »»      Division  " 

East      '*  *<        *« 

West     "      Lafayette" 

Bast      "  "        " 

Foot  of  Reservoir  Bank, 

East  Line  Ionia  St.  on  Waste, . . . . 
Ottewa  St 

(I  c< 


West 

iC 

North  " 
South  " 
North  " 


it 

(t 


Canal      <* 

Division  " 

Ottawa   " 

Monroe  ** 

Bridge    ** 

South  "    Newberry  St 

North  "    Mason        " 

South"    Coldbrook" 

On  connec'n  with  C'mstock's  pipes 
West  Line  Division  St 


K 

(t 

C( 

« 

Bast 

(i 

North 

<t 

South 

(f 

North 

t( 

South 

tt 

North 

<i 

South 

(t 

North 

C( 

South 

t< 

North 

(t 

West 

tt 

Bast 

(t 

k( 

«( 

South 

(( 

it 

it 

North 

ii 

South 

ii 

West 

ii 

C( 

ii 

East 

tc 

South 

It 

.Vorth 

ii 

tc 

it 
t( 
«t 
ii 
tt 
t< 
tt 
•  I 
tt 
tt 
tt 
it 
(C 


Ottawa 

Canal 

Front 

Fulton 

Lyon 

Fulton 

Bridge 
(« 

Eighth 
(f 

Leonard 
tt 

Front 
Summer 
Jefferson  " 
Fulton       "  . . 
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ao-inch. 

16-ixiclk. 

l4-ixich. 

ISk-inch. 

lO-lnch. 

8-1x1  cb. 

d-inch. 

4-inch. 

TOTAL. 

7 

4 

3 

26 

10 

13 

33 

17 

Ill 

Eddj,  28— Flowers,  10— Lowry,  62— Ludlow,  11. 

LOCATION  OF  HYDRANTS, 
Matthews  Hydrants. 

Sooth  West  Corner  of  Bridge  and  Kent   Streets. 
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Ludlow  Hydrants. 

North  West  Corner  of    Lyon 

and  Ionia    Sti*ccts. 

44                  44 
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Diyision     " 

<*      East 
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Ottawa 
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*  West  Side  Kent  Street,    between  Lyon  and    Bronson     Streets. 
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Bronson  *<  Bridge 
Trowbridge  and  Fairbanks  " 
Fairbanks  "  Newberry  " 
Newberry  "  Mason  ** 
♦  Noiih   **    Cherry  "    opposite  Paris  Avenue. 

Lowry  Hydrants. 

Intcrgection  of  Barclay  St.     with     Bridge,  Bronson  and  *John. 

Bridge       '*  East  "    Ionia,  Division  and  Clinton. 
44     44     44    Livingston,  Coit  &  ♦Lafayette. 


ii 


44 


44 


44 
44 


"  West  "    Front,  Scribner  and  Turner. 
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Intersection  of  Bridge-st, 

west 

tc 

Broadway 

u 

it 

i( 

(i 

ii 

(fc 

<( 

(( 

BroDson 

(C 

(( 

Ci 

n 

t( 

Canal 

CI 

i« 

it 

(( 

ii 

u 

Cherry 

n 

<» 

(( 

<( 

t< 

ii 

(( 

c< 

Clinton 

tl 

i( 

Colt  Aye. 

(c 

u 

Diyision 

St 

a 

« 

■( 

a 

(i 

i( 

i< 

a 

C( 

C( 

Eighth 

(I 

« 

Fifth 

(t 

(( 

t( 

(( 

u 

Fountain 

It 

u 

« 

ft 

•c 

it 

t( 

u 

it 

tt 

u 

Front 

tt 

C( 

Fulton 

ii 

It 

(( 

tt 

t< 

Hastings 

tt 

n 

Ionia 

ii 

ti 

ii 

ii 

it 

Jefferson 

Ave. 

u 

iC 

tt 

(C 

Jefferson 

Street 

li 

(( 

t( 

u 

Kent 

tl 

u 

it 

t( 

u 

Lafayette 

«f 

tt 

Lagraye 

t( 

ii 

Liyingston 

it 

ti 

Louis 

it 

C( 

Leonard 

It 

(( 

Lyon 

t; 

4( 

K 

tt 

« 

«C 

11 

tt 


tt 


tc 


tk 


with  Broad'y,  Seward  and  Jefferson. 
"     First,    Second  and  Third. 
Fourth,    Fifth  and  Sixth. 

Seventh  and  Eighth. 

*Prospect,  *College  and  ♦Union 

♦Between  Prospect    "    College 

Leonard    and    Quimby. 

Two  bet.  Leonard  and  Qaimby* 

One  North  of  Qaimby  St 

♦Summit,  ♦Calder  &  ♦Almy. 

♦Ionia,    Luce    and    Lafayette. 

♦Prospect,  ♦Madison  A^Collego. 

♦Hastings,^  Trowbridge  &^Pair- 

♦Trowbridge.  [banks. 

Bronson,    Pearl   and  Fountain 

Park,  Fulton  and  Island. 

Oakes,  Cherry  and  ♦Maple. 

♦Goodrich  and  ♦Wealthy. 

Turner,  Scribner  and  Fi*ont 

Seward. 

One  bet.  Seward  and  Broadway 

♦Bostwick,  ♦Ransom  &  ♦Barclay 

Lafayette,  ♦Prospect  &  ♦College 

♦Union  and  ♦Grand 

♦one  bet.  Prospect  &  College. 

Bowery,  Valley,  Allen,&  Shawm*t 

Sheldon,  Ransom  and  Barclay 

Lafayette  and  Prospect 

♦Clancy,  Colt  &  Liyingston 

Pearl,  Fountain  and  Louis 

Fulton,  Island  and  Oakes  . 

Island,  Oakes  and  Cherry 

Maple,  Goodrich  and  Wealthy 

Bowery,  Chatham  and  Jackson 

Sibley  and  ♦Shawmut 

♦Bronson,  Lyon  and  Hastings 

Trowb'ge.^Fairbanks&^Newb'y 

Washington,  John  and  Bronson 

♦Island,  ♦Oakes  and  ♦Maple 

Trowb'ge,Fairbanks  ANewberry 

Campau 

♦Ionia,  ♦Taylor  and  ♦Plainfleld 
Bostwick,  Ransom  and  Barclay 
Lafayette,^ Prospect  and  ♦College 
*One  bet  Prospect  and  College 
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Intencction  of  Mason  street  with  Clinton,  Ionia,  Kent  and  Canal. 
*^  Ottawa         "      *'    Ma8on,Walbridge  and  Coldbrook 

*'  Pearl  "       *'    Campaa  and  Arcade 

"  Ransom         "      ■**    '^'Bronson  and  *Park 

"  Scribner        **       "    First,  Second,  Third  and  Fourth 

"  «  "       "    Fifth,  Sixth,  Tenth  and  Eleventh 

''  *'  *'       "    Twelfth,  Leonard  and  Crosby 

".  "  *«       "    Myrtle  and  Webster 

"  Shawniut  Ave.     "    *Court,*Mt.Vemon&*W.Divibion 

"  Sheldon  Street    "    *Island  and  '''Oakes 

**  Summer        ^^      *'    Bowery,  Allen  and  Shawmut 

"  "  "       "    Grand  Rapids  and  Indiana  R.  R. 

**  Summit         «'       "    ^Williams  and  *Bartlett 

"  Third  '*       "    Alabama  and  Seward 

'*  Washington  "       **    *Pro8pect,  '^'Madison  &  *College 

**  Waterloo       **       **    Louis,  Ferry  and  Fulton 

**  Winter  "       «»    Allen  and  Shawmut 

One  in  center  of  Section  8,  Campau  Piatt. 

Total,  Matthews  Hydrants. 15 

*'      Ludlow  "        18 

"    Lowry  "        171 

Total  Hydrants,  199 


Location  of  Lowry  Hydrant  Bases. 

Intersection  of  Bridge  Street  East  with  Bostwick  and  Ransom 
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LOCATION   OF   SAFETY   VALVES. 

On  Lyon  Street,  24  feet  east  of  Dock. 
On  Allen  Street,  at  Tail  Race. 

CONTENTS  OF  DISTRIBUTING  BESEEVOIR. 


Depth  of 

U.  8.  OallonB. 

Increase. 

Depth. 

n.  8.  Oallons. 

Increase. 

■ 

1 

foot. 

229,168 

14  feet. 

3,885,023 
4,222,007 

328.594 

2 

(. 

465,330 

236,172 

15    " 

336,984 

3 

44 

708,023 

243,293 

16    " 

4,567,486 

346,479 

4 

(( 

959,142 

250,519 

16i  " 

4,743,444 

175,958 

5 

iC 

1,216,992 

257,850 

17    " 

4,921,566 

178,122 

6 

(( 

1,482,280 

265,288 

17i  " 

5,101,864 

180,298 

7 

(( 

1,755,112 

272,832 

18    " 

5,284,352 

182,488 

8 

(* 

2,035,592 

280,480 

18J  " 

6,469,048 

184,691 

9 

(( 

2,323,827 

288,235. 

19    " 

6,656,950 

186,907 

10 

«t 

2,619,922 

296,095 

19i  " 

6,845,087 

189,137 

11 

t< 

2,923,984 

304,062 

20    " 

6,036,466 

191,379 

12 

t( 

3,236,117 

312,133 

2()i  " 

6,230,102 

193,636 

13 

({ 

3,556,429 

320,312 

21     " 

6,426,006 

195,904 

STATEMENT   OF   EXPENDITURES, 

2..Ca.3r  ±,  1.375  to  Z^Smky  1^  3.373. 

Construction  of  Water  Works. 

1875.  1.     EEAL  ESTATE. 

July  13.    Order  No.  616.    P.  R.  L.  Peirce.  Site  for  Settling 

1876  Basin. $  15,000  00 

Jan.  11.        ''        **  2634.  City  Marshal  Taxes  for  grading 

Clinton  street 312  60 


1875.  2.     PIPE  SYSTEM. 

May  11.    Order  No.    48.    B.  J.  Mitchel.     Bepairs 

June  15.        "      **      287    W.  H.  Powers.  Hydrant  Boxes... 

"    29.         "      •*      399    Boston  Machine  Co.    Hydrant.... 

July  13.         *'      '*      591    Farrington  &  Branch.     Laying 

Pipe 


$  15,312  60 

7  60 

8  75 
70  00 

1,000  00 
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Aug.  10,    Order  No.    849    W.  H.  Powers,    hydrant  boxes...  15  80 

Sept.  7,        "      '*    1154    N.  T.  Smith,  setting   hydrants...  31  60 
*•    "         "      "    1155    A.  Leitelt  Bros,  &  Co.,  altermg 

hydrants 2,079  00 

"  14,        "      "    1263    Farrington   &    Branch,      laying 

pipe 474  27 

Oct  12,        **      "    1506    A.  Leitelt  Bros.  &  Co.,  altering 

hydrants, 1,111  OO 

"    "         "      "    1507(ft.).V.  Leitelt  Bros.  &  Co.,  altering 

hydrants 70  67 

"  12,        **      "    1511    N.  T.  Smith,  altering  hydrants...  13  12 

"19,        "      "    1589    Smith  A  McEwan,  laying  pipe 1,289  77 

•  26.         "       **    1673    T.  C.  Brooks.            "          "  4,000  00 

Nov.  2.         "       **     1761                "                      "          "  1,698  83 

"    2.         "      "    1752     Smith  AMcEwan     "          "  2,664  89 

**    9,        "      "    1897(Pt.)W.  H.  Powers,  hydrant  boxes...  2190 

"  16,        "      "    1959    T.  C.   Brooks,  Repair  of  Streets  6  00 

**  23,        "      "    2096    Smith  &  McEwan,  laying  pipe.  .  1,954  06 

"     «t        a      **    2097    Farrington  &  Branch,  "        "    ...  4,057  20 

"     "         "      "    2099(PL)Power8  A  Wallcer,  hydrant 

boxes 9  00 

"  30,        "      *•    2154    Farrington     &   Branch,     laying 

pipe 1,620  36 

**     "    #    "      '*    2165    P.  Grady,  covering  pipe 10  00 

Dec.  7,        ''      '^    2254    J.  M.  Oorham,  cleaning  streets...  3  00 

"     •*        **      "    2356    T.  C.Brooks,   hiying  pipe 8,465  61 

*'  14,        '*      '*    2359    Farrington  A;  Branch,  laying  pipe  2,500  00 

"  21,        '*      **    2410(Pl,)W.  T.  Powers  &  Son,  lumber...  11  18 

**    "         "      "    2414    M.  Delong,  hydrant  boxes 6  57 

.   "    '*         **      '*    2415    Farrington  &  Branch,    lowering 

pipe 400  00 

*•     **         "      **    2416    T.  C.  Biwks,  laying  pipe 4,403  38 

**     "        "      "    2417    Farrington&Branch  laying  pipe...  1,328  82 

1876. 

Jan.  18,        "      **    2743    Smith  &  McEwan,        "        "   ...  608  36 
"    "         "      "    2744(Pt)A.  Leitelt  Bros.  &  Co.,  hydrants 

pipe^  &c 125  00 

"25,        **      "    2798    M     Delong,  lowering  pipe 24  61 

Feb.  16,        "      *'    3157    Board  Pub.  Works,  arbitration...  39130 

"22,        "      "    3198    Farrington  &  Branch,  laying  pipe  1,626  00 

"    "         "      "    3200    M.    Delong,  labor    on   trenches  6  60 

Mar.  1,        "      "    8269    E.  P.  Allis  &  Co.,  iron  pipe 375  66 

"    7.        "      "    8395    N.  T.  Smith,  repairs 16  10 

Apr.  11.        "      "    3820    Smith  &  licEwan,  laying  pipe... .  72  89 


86 

April  2C,  Order  No.  4019    T,  O.  Brooks,  hydrant 80  50 

**    "  "  "    4020    N,  T.  Smith,  repairs 24  76 

Bonds  paid  to  Farrington  &  Branch,  laying  pipe...  10,000  00 

$  52,592  54 
1875.  3,    PIPE  UNDEB  GRAND  RIVEB. 

Jun.  22,  Order  No.    858    H.   M.  Reynolds,   pitch $  4  50 

July  13,        **  "      607     S.  M.  Pelton,  labor 15  00 

"    "         *•  "      608     F.  Renshaw,      " 1  00 

"    "         "  "      609     W.H.  Pelton,     "    6  00 

"    **          "  **      610      A.  Schotey,         "    7  50 

"    "         "  •*      611     0    Hilton,           "    7  60 

"    ♦•         "  "      612      J.  Bennaway,     «*    7  60 

"80,         "  "      647     William  BeU,  coating  pipe 20  00 

<•    "         *'  <*      649     0.  E.  Belknap,  blacksmithing...  12  80 

"    "         **  "      651     S.  M.  Pelton,  labor 134  12 

"   27,         "  "       707               "                "     216  87 

"    "         "  "      708     D.  Hastings,  blacksmithing 15  20 

Aug.   3,        "  •*      762    S.  M.  Pelton,  labor 163  00 

"10,        **  "      844     0.  p.  Oomstock,  pails 2  20 

*«    "         "  "      846     W.  T.  Powers  &  Son,  lumber...  77  80 

"    "         "  "      847     D.  Hastings,  blacksmithing 14  84 

"    "         "  "      848     Cleyeland  &  Granger,  teaming...  7  60 

**    "         "  "      850     S.  M.  Pelton,  labor 127  90 

"   17,         "  "      961               **                 "    129  65 

"   24,         "  **    1015               "                  *'    139  12 

"   31,         "  "     1080               "                 "    1.51  74 

«'     "         "  "    1081     D.  Hastings,  blacksmithmg 10  25 

Sept.21,        "      "    1296     S.  M.  Pelton,  labor 161  60 

"  28,         "  "    1337            '   "                **     101  60 

Oct.  12,         "  "    1505                "                "     120  00 

"    "         "      "    1507(PI)A.  LeiteltBros.   &  Co.,  labor 

and  pipe 337  68 

"     "         "  "      "      "    A.  LeiteltBros.  &  Co.,  tools...  2  70 

"     "         **  "    1512    W.  T.  Powers  &  Son,  lumber 23  84 

"     "         "  "    1613    S.  M.   Pelton,  labor 117  76 

"  19,  "  "    1540                "                "     91  25 

*    26,         "  **    1671                "                **     119  26 

"     "  "  **    1672    J.  M.  Gorham     "    44  00 

Nov.  2,  "  "    1750    Thos.  Smith  &  Co.,  materials 33  21 

"    9,  "  "    1898    S.  M.  Pelton,  labor 31  87 

"    9,  **  "    1899    C.  E.  Belknap,  blacksmithing 35  46 

"     "  **  "    1900<,PL)Fo8ter,  Stevens  A  Co.,  materials  97  80 

".16,  "  "    1962    W.  T.  Powers,  use  of  scow 12  00 

Dec.  21,  "  "    2407    Jones  &  Merath,  covering  pipe...  8  00 

"    "  "  "    2412  (pt.)  J.  L.  Shaw  &  Co.,  teaming....  10  00 

"    "  "  "    2413    Widdicomb  Fum're  Co.,  basswood  8  80 

$2,616  69 
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4.    COKNEOTIONS  WITH  PtJMPS. 
(No  expenditures  during  the  year.) 

6.    KESEBVOm. 
1875. 

May  11,    Order  No.    48    Brooks  &  Sekell,  construotion, $3,233  38 

July27,          "      "    714    B.  Hilton  A  Son,  side  walk, 7  86 

Not.  16,  "     "  1960    Chas.  H.  Peale  &  Co.,  work  on  fence  23  15 

$8,264  88 

1875.  6.    SETTLING  BASIN  AND  SUPPLY  PIPES. 

June  8,.   Order  No.  233    N.  T.  Smith,  clearing  creeks, $  217  00 

"15,        **      "    292    Powers  &  Walker,  temporary  pipe, 21193 

"22,        *♦   *"    367    N.  T.  Smith,  clearing  creeks 6187 

Aug.  31,        "      "  1082    Peter  Granger,  settling  basin, 595  00 

Sept.  14,       "      "1222        "            "            "            "     1020  00 

"  28,        "      "  1386        "            "            "            "     , 936  00 

Oct  12,        "      "  1614        "            "            "            "     1062  60 

"  26,        "      "  1674        "            "            "            "     300  00 

"    "         "      "  1675        "            "            "            "     1200  00 

Nov.  9,        "      "  1895        "            "            "            "     800  00 

"    "         "      "  1897(Pl)Wm,  H.  Powers,  boxes, 12  60 

"23,        "      "2098    Peter  Granger,  settling  basin, 630  00 

.4    (i        II      i<  2099(ft.)Wm.  H.  Powers,  bulk  heads, 43  37 

"80,        "      "2162    P.   W.  Kmg,  laying  pipe, 114  65 

Dec.  14,        "      "  2361    Peter  Granger,  settling  basin, 667  00 

"    "        "      "2362    Powers  A  Walker,  box, 7  00 

"  21,        "      "  2404    T.  0,  Brooks,  iron  pipe 70  00 

"    .*        II      "2405    Smith  A  Bell,  laying  pipe, 468  96 

"    "        "      "  2406    Powers  A  Walker,  stave  pipe, 1000  00 

li    II        II      II  2408    Z.  G.  Winsor,  cement, 18  10 

II    II        II      "2409    Powers  A  Walker,   bulkheads, 29  42 

II    II        »i      II  2410(Pl.)Wm.  T.  Powers  A  Son,  lumber 7  25 

1876. 

Jan.  4,        "      "  2477    Powers  A  Walker,  stave   pipe, 1035  00 

II    II        II      II  2478    Peter  Granger,  settling  basin, 178  18 

II    II        II      1*2479    Carpenter  A  Judd,  wire 62  64 

II    II        II      "2480    H.  Leonard  A  Son,  sewer  pipe, 6100 

"  25,       "      "  2798    Smith  A  BeU,  laying  pipe, 262  93 

Feb.  1,       "      "  2883        "           "          "        " 800  00 

"    "        "      "  2884    Powers  A  Walker,  stave  pipe, 276  00 

"   8,        "      "8021    Smith  A  Bell,  laying  pipe, 160  00 

"  16,        "      "  3168        "            "        "         "    67  68 

"    "        "      "8169    G.B.;Wire  Works,  screen, 65  27 

«    "        "      "8160    Smith  A  Bell,  laying  pipe, 99  86 

Mar.  1,  "      "  8270    Board  Pub.  Works,  laborers  on  pipe,.*.  112  63 

14,        "      "3463    Utes  A  Liviogston,  filling,.!... 15  76 


II 
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Apr.  2G,  Order  No.  4021    Board  Pub.  Works,  laborers  on  pipe...  52  97 

a    a        u      u  4Q22    Peter  Ghmnger,  setiOing  basin, 213  50 

"     "         "       "  4023          "            "            "            *'     200  00 

"     *'         "       "  4024          "            "            **            "     82  88 


$12,571  23 

7.    ENGINE  HOUSE,  TEMPORABY. 

1875, 

Aug.  3,    Order  No.  7G1    M.  Y.  Aldrich,  moving  house, $      20  00 


$      20  00 
1875.  8.    ENGINE  HOUSE,  PERMANENT. 

May  18,    Order  No.  102    R.  Hilton  &  Son,    construction, $1,786  25 

*'    151    Edward   Racine,  screens, 20  00 

''    152    Kingsbury  &  Bennet,fire  brick 143  40 

''    288    Schmidt  A;  Hirth,  stone  cutting 24  15 

*'    289  Widdicomb  Furniture  Co.,  lumber...  2  10 

"    290    Brown  &  Clark,   brick, 238  80 

"    291    C.  0.   Comstock,  lumber, 1  76 

"    400    J.  T.  EUiott,  Ughtningrod  20  00 

"    401    W.  T.  Powers  &  Son,  lumber, 144 

*'    592    L.  M.  Page,  painting, 2  93 

"    706    R.  Davidson,  setting  boiler, 241  15 

"    763    Davidson  Bros.,  cement 2  25 

"  1153    Chas.  H.  Peale&Co.,  floor 423  96 

"  1510        "            **        «      carpentering 289  59 

«'  2360    Carpenter^  Knowlan,  painting 312  88 

*'  3588    C.  H.  Peale  &  Co.,  carpentering 38  70 

$3,548  36 
1875.  9.    PUMPING  MACHINERY— PERMANENT. 

June  1,    Order  No.  153    Butterworth  &  Lowe,  construction... $3,000  00 
"    22,         "       "    368  "  "  "  ...  1,500  00 

July  20,       ''      ' '    650    A.  Leitelt  Bros.  &  Co. ,  tools,  materials, 

etc 126  76 

Sept  14,      "      "  1262    W.  M.  Ferry,  arbitration 75  00 

•*      "        **      "  1265    Butterworth  &  Lowe,  construction...  2,408  98 

Oct.  12,        "      "  1509  "  *'  "  ...        13  32 

Dec.21,       "      "  2412(Ft.)J.  L.  Shaw  &  Co.,  teaming 6  00 

1876. 

Jan.  18,      ''      ''.  1744(Pt)A.  Leitelt  Bros.  &  Co.,  pipe, 50  00 

Feb.  12,      "      "3199    Butterworth  &  Lowe^  extra  piston  105  50 

$7,284  56 
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10.    PUMPING  MACHINERY- TEMPOBABY. 
No  expe^ditures  during  the  year. 
1875.  11.    METEES, 

May  11,    Order  No.   47  E.  W.  Muenscher,  freight f    8  18 

June  8,        **        •*  234  Thomas  Smith  &  Co.,  setting 58  97 

July  13,        '*        **  590  Schriver,  Weatherly  &  Co.,  setting 31  65 

*'    27,         *'        "  703  Thos.  Smith  &  Co.,  setting 40  77 

"    "           "        *'  705  E.  Worthington,  meters 178  00 

Aug.  10,        "        **  845  Thos.  Smith  &  Co.,  setting 13  43 

Sept28,        *'        "  1336  Union  Water  Meter  Co.,  meters, 414  90 

NoY.23,        **        **  2161  Thos.  Smith  ifc  Co.,  setting 79  72 

$  825  62 
12.    HOSE  HEADS. 

No  expenditure  duiing  the  year. 

1875.  13.    ENGINEERING  AND  SUPERINTENDENCE 

July  30,  Order  No.  648    Demetrius  Turner,  engines $  875  00 

Nov.  23,  ''      •*  2100    G.R.  Ray,  pipe 63  65 

1876. 

Jan.  18,  »'      »*  27r)9    P.  Hogan,  general..? 2,500  00 

$3,438  65 

1876.  14.    PRINTING  AND  ADVERTISING. 

May  18,  Order  No.  105  M.  H.  Clark  <&  Co.,  advertising $  4  90 

Aug.  17,  "      ''    9G2  Milwaukee  News,            *'          9  00 

"     "  "      "    963  Detroit  Post,                    "          3  75 

Oct  12,  ''      ''1508  Chicago  Tribune,            '* 22  40        / 

$  40  05 

1876.  15.    EXPENSES  OP  LOAN. 

Jime29,     Order  No.  470    L.  H.  Randall,  express,   $  175 

July  13,        "      **    613  P.  R.  L.  Peirce,  engraving 79  00 

"    "          "      "    615  L.  H.  Randall,  tran^ortation 24  80 

Aug.  10,        ''      **    903  P.  R.  L.  Peirce,  telegraphing, 24  95 

"    31,        "      "  1077  L.  H.  Randall,  express 69  19 


$  189  69 

1875.  16.    MISCELLANEOUS. 

May  18,    Order  No.  101  T.  D.  Gilbert,  telegraphing $  88  66 

Nov.  9,        "       "  1896  F.  W.  Greene  &  Co.,  vise 10  45 

€4    €i         it       ti  jjj^  Foster,  Stevens  &  Co.,  tools, 60  48 

"  30,        *'       "  2158        '*           ''           "    iron 92 

Dec.  7,        "       "  2263  A.  B.  Famsworth,  traveling  expenses...  14  30 
*i  21^        "       ''2411  Shriver,  Weatherly  &  Coi,  setting  stop 

1876.  cocks 42  79 

Jan.  11,        "       "  2617  Foster,  Stevens*  Co.,  supplies 72  20 

Mar.  7,        "       *'  3d96_Blair,  Stone  &  Kingsley,  legal  services,  50  00 

%  289  80 


40  • 

Total  amount  paid  on  constraction „ ^101^993  97 

Paid  previous  to  May  1^1876 248,772  47 

Total  paid  for  construction $d50/GG  44 

Maintejiaxice  and  Operation  of  Water  Works. 

1875. 

May  11,  Order  No.  49  M.  S.  Toungs,  labor  at  pumping  works  $  71  72 

..    a        /.      a  SOD.  O.Sawyer    "     "        "  "  62  60 

*'    "       "      '*  61  H.  Bitter,  team  work  at    "  "  18  38 


"   26,  "  "  132  M.  S.  Youngs,  labor   "    "           "  28  00 

June   1,  **  "  154  A.  Leitelt  Bros,  &  Co,  supplies,  pump- 

ingworks 142  01 

"    *'  "  "  155  H.  Bitter,  team  work,  pumping  works  24  61 

"    '\  "  "  166  D,  0.  Sawyer,  labor              ''         "  82  60 

u    u  u  ,i  jg^  ^  Leitelt  Bros.  &  Co,  supplies,  pnmp- 

ing  works 99  66 

"     8,  ''  "  236  W.  Morman,    wood 106  60 

*'    "  "  ''  236  S.  S.  Bailey        "    183  00 

St    t.  ct  tt  23^  ^  g  Youngs,  labor  at  pumping  works  42  00 

''   16,  "  "  298  Thos.  Smith  &  Co,  tapping,. 76  30 

tt    tt  it  it  gg^  Schriver,  Weatherly  &  Co,  tapping 131  36 

"22,  ''  "  369  C.  0.  Comstock,  wood 290  68 

''    **  "  "  3G0  D.  0.  Sawyer,  labor  at  pumping  works,  28  26 

tt    tt  tt  tt  3g^  jj  g  Youngs,    "    "        "             "  29  00 

it    tt  tt  tt  862  Tarbox  &  Pierce,  printing 140 

tt    tt  tt  tt  3g3  J  ^  gj^^^  ^^^  ^^  engine  house 6  00 

"   29,  "  "  402  H.  Bitter,  team  work    "       "    6  13 

July  13,  "  "  693  J.  Baisch,  labor              "        "    5  26 

"    "  "  "  694  O.  N.  Brown,  team "      ''        ''    25  46 

tt    tt  tt  tt  ggg  j^  j^  ^r^^  ^  Q^^  printing  pamphlets,  19  60 

tt    tt  tt  tt  596  Hulbert  Bros.,   wood, 106  62 

tt    tt  tt  tt  gg^  Schriver,  Weatiierly  &  Co,  tapping 62  82 

tt    tt  tt  tt  ggg  Q  ^   Comstock,  oU 65 

tt    ,#  tt  tt  699  Thos.  Smith  &  Co,  tapping 7126 

tt    tt  tt  tt  gQQ  J,  ^  Muenscher,  freight  on  meters....  6  66 

tt  2^^  tt  tt  ggg  H.  Christensen,  fireman, 84  00 

tt    tt  tt  tt  653  A.  Leitelt  Bros.    &  Co,  suppUes, 46  36 

tt    tt  tt  tt  gg^  jj  rp  gmith^iabor 5  26 

tt    tt  tt  tt  ggg  ^  y  Bej^tiey,  oil 10  66 

ti    tt  tt  ,t  ggg  Demetrius  Turner,  engineer 126  00 

Aug.  3,  "  "  764  Schriver,  Weatherly  &  Co,  tapping 32  16 

tt    it  tt  tt  ^gg  p  Eagan,  special  policeman, 48  00 

"  10,  "  'f  851  A.  B.  Tomer  &  Co,  printing, 8  60 

"    "  "  "  852  Nelson,  Matter  &  Co,  pumping 80  00 

tt    tt  ,t  tt  853  Thos.  Smith  &  Co,  tapping, 39  76 
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Aug.  24,  Order  No.',1016  Dygert  Bros.  &  Co^  printing  notices; 4  50 

Sept.  7,  ''  "  1156  K.  T.  Smith,  repairs  on  engine  house...  8  87 

"  14,  "  "  122S  M.  V.  Aldrich^rent  of  ground, 50  00 

ti  21,  "  **  1297  H.  Christiansen,  fireman 93  00 

"  '*  '*  1298  M.  V.  Bentley,oa 13  20 

u  2^^  «  a  j33g  f^^^  ^^^  ^  Co,  tapping 40  00 

Oct  12;  ''  "  1515  A.  Leitelt,  Bros.  &  Co,  repairs,  engine  27  00 

a    u  a  u  jgjg  Butterworth  &  Lowe,           "           "  6  00 

,€    u  u  u  jgjy           u                  4t    ^ggjg,^.    engineer...  889  60 

"    *' ,  "  "  1618  G.  R.  Ray,                       "             "  45  00 

"  19,  "  "  1541  D.  Turner,. engineer 375  00 

"    "  "  "  1542  Boston  Belting  Co,  engine  valves 119  70 

"  26,  "  **  1676  G.  R.  Ray,    assis't  engineer....^ 80  00 

u    it  it  it  jg^  ^  g.j.jj^  \sAiQx^  engine  house 7  00 

tt    tt  it  it  jg^g  Schriver,  Weatherly  &  Co,  supplies 8  50 

a    it  tt  a  jgyg           it                 it                 a     ^ppj^g 22  16 

Nov.   2,  ^'  '' 1753  Farrington  &  Branchy  repairs,  pipe 6  00 

tt    it  it  it  j^g^  J.  jj  ^^shcroft,  Scotch   tubes, 14  00 

tt    it  it  it  J75g  fj^^  gjj^j^j^  ^  ^^  tapping 41  75 

tt    it  it  it  j^gg        it        it             it  getting  meters  70  77 

"     9,  "  *'  1901  Foster,  Stevens  &  Co.  hardware, 4  38 

tt    it  A  it  icx)2  H.  Christiansen,  fireman 91  50 

t4  |g^  it  a  jggj  Schriver,  Weatherly  &  Co,  supplies 18  52 

tt  23^  **  *'  2049  C.  W.  Warrell,  descriptive  list, 25  00 

tt  3^^  it  it  2i5g  rrhoa  Smith  &  Co,  tapping 16  75 

tt    ti  it  tt  2J57  yff   -g^  Fuller,  assis't  engineer, 100  00 

Deo.    7,  "  "  2256  A"  B.  Famsworth,  stationery 26  15 

tt    ti  »t  "  2257  Schriver,  Weatherly  &  Co.- tapping, 34  14 

'•    "  '*  "  2258  P.  Christiansen,  labor,  engine  house,...  2  25 

1876. 

Jan.    4,  "  "  2481  C.  C.  Comstock,  wood 228  00 

it    ti  tt  '' 2482  Michigan  Barrel  Co,  wood 1,202  73 

tt  1^^  tt  it  2619  Poster,  Stevens  &  Co,  supplies 11  56 

tt    tt  it  tt  2620  Schriver,  Weatherly  &  Co,  tapping  etc.,  47  99 

ti    tt  tt  tt  2621         "  "  ''    labor,  engine 

house, 53  38 

it    ti  tt  tt  2622  J.  VanderLaan,  repairs,    pipe, 20  76 

2635  A.  B.    Famsworth,    clerk, 438  31 

it  jg^  it  ti  2745  w,  H.  Fuller,    assin't  engineer, 90  00 

tt    it  tt  it  2746  H.  Christiansen,    fireman, 91  50 

it    a  tt  tt  2747  Batterworth  &  Lowe,  suppUes, 6  25 

it    tt  it  tt  274Q  McDermot  Bros,  setting  meter 2  00 

tt    tt  t  tt  2749  Q  j^  Q^  Light  Co.,  coke, 13  42 

Feb.   1,  "  "  2885  McDermot  Bros,  repairs,  pipe, 2  50 

it    it  it  ti  2g86  Thos.  Smith  &  Co,  tapping,  etc., ,.  41  45 

''    8,  ''  "  3020  0.  0.  Comstock,  wood 278  26 


tt    tt        tt      t. 
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Feb.  8,  Order  Ko.  3022  H.  Christiansen^  fireman 4^  50 

44    44  44      44  g^gg  ^  g  Fufler,  assis'fc  engineer 77  50 

44    44  44      44  3^34  KingsbnTy  &  Bennett,  ooal 10  80 

44    44  44      '' 3026  A.  B.  Famsworth,  clerk, 62  60 

44    44  44      44  3^37  Djgert  BroB.  &  Co,    binding  books 10  00 

4    44  44      44  g^gs  N.  T.  Smith,   repairs,  logs 8  69 

44    44  44      ^'3030            *'                   '*      Wyckoff 7  60 

*'  22,  "  "  3201  SchrlTer,  Weatherly  &  Co,  tappmg.  etc,  19  60 

Mar.  1,  "      ''  8271  James  Blair,  blankets, 6  60 

44     ^^  44      44  32j,7  jj  ^  Smith,  repairs,  pipe, 8  13 

44    44  44      44  gggg  q  g  Glbson,  straw %  50 

44    44  44      44  3299  ^   3   FuUcT,  assls't  engineer 72  60 

"  14,  "      "  3.449  A.  B.   Famsworth,  cartage 18  36 

44       44  44           .^3^53                            44                                      ^j^j^    gg.^ 

"    "  "      '' 3454  H.  Christiansen,  fireman 48  50 

44    44  44      44  3^^-  ^  g  Famsworth,  freight, 40  78 

8456  C.  C.  Comstock,  wood 306  00 

21,  "  "  3587  C.  H.  Peale  &  Co,  repairs,  engine  house  67  80 

»'    "  "      '' 3589  Collector  5th  ward,  taxes 74  18 

44    44  44      44  3593  ^  3  Tumer  &  Co,  printmg 1  30 

Apr.  11,  "      *'  3814  A.  B.  Famsworth,  clerk, 63  50 

4,    44  .4      44  3gj5  Schriver,  Weatherly  &  Co,  tapping, 5  16 

44    4€  44      44  ggjg  ^  ^  Comstock,  wood 180  00 

44    44  44      44  ^^y^  ^  g,  FuUcr,  assls^t  engineer, 77  50 

44    44  a      44  3gjg  2  Christiansen,  fireman 46  50 

44    44  44      '' 8819  Hatch  &  Hayden,  hydrant  boxes, 135 

44  jg^  44      44  ggjg  gproule  &  McGurrin,  setting  meter 3  67 

44    44  44      '' 3919  Thos.  Smith*  Co,  tapping 18  25 

44  26^  "      •'  4016  N.  T.  Smith,  repairs,  pipe, 31  26 

44    44  44      .4  ^j^  q  q  Comstock,  wood 61  50 

44    44  44      '' 4018  c.  H.  Southwick,  oil 2123 


44       44  44  44 

44    oi  '     44  44 


44  44 


44  44 


Total  expended  for  maintenance  and  operation, $7,793  52 

previous  to  May  1,  1875, 6,132  81 

since  opening  of  Works, $13,925  88 

CORRECTIONS. 

On  the  fint  page,  the  word  <<  miles  "  is  omitted  after  •<<  —  4.96  " 
in  the  line  giving  the  total  length  of  completed  street  improvements 
for  the  year  ending  May  1, 1876. 

In  the  table  on  page  6  showing  the  length  and  sizes  of  sewers 
constructed  since  May  Ist,  1875,  the  line  relating  to  the  Jefferson 
Avenue  sewer,  should  read  *<  n.  lino  lot  5,  block  1,  Smith's  Addi- 
tion,'' instead  of  *'  n.  line  block  1,  Smith's  Addition." 
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OFFICE  OF  THE  BOARD  OF  PUBLIC  WORKS,  / 

Grand  Rapids,  Mich.,  May  ist,  1877.     ) 

To  the  Honoraile,  the  Board  of  Public  Works  of  the 
City  oj  Grand  Rapids: 

I  herewith  submit  a  report  of  the  Public  Works 
carried  on  under  the  direction  of  the  Board  since 
May  ist,  1876. 

STREET  inPROVEMENTS. 

The  following  street  improvements  have  been 
completed  : 

Grading  and  Paving  with  Wood  and  Stone 12631  Lineal  Feet 

Grading,  Graveling  and  Paving  Gutters 18928 

Grading  and  Graveling 1274 


II       II 
II       11 


Total..... 32833       "       " 

6.14  miles. 

The  following  improvements  are  in  progress: 

Grading,  Graveling  and  Paving  Gutters 2905  Lineal  Feet 

Grading  and  Graveling 2565       "       ** 

Grading 1356       " 

Total 6826  Lineal  Feet,=i.2g  miles. 


f( 

If 
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The  greater  part  of  the  work  completed  was 
commenced  during  the  previous  year,  but  very 
few  improvements  having  been  commenced  dur- 
the  past  year. 

The  total  length  of  streets  now  opened  in  the 
city,  is  131.62  miles,  of  which  are: 

Graded  and  Paved  with  Wood 0.15  miles 

Graded  and  Paved  with  Wood  and  Stone 2.92 

Graded  and  Paved  with  Stone 1.55 

Graded  and  Graveled  and  Gutters  Paved 21.91  " 

Graded  and  Graveled 29.26  " 

Graded •. 8.02  " 

Unimproved 67.81  " 

RESERVOIRS. 

One  brick  reservoir  of  500  barrels  capacity  has 
been  constructed  for  the  use  of  the  Fire  Depart- 
ment at  the  intersection  of  Wealthy  Avenue  and 
Henry  Street.  It  has  to  be  filled  from  the  nearest 
hydrant. 

SEWERS. 

The  total  length  of  sewers  constructed  was 
7362  feet,  but  little  more  than  one-half  as  much 
as  during  the  previous  year,  but  the  proportion 
of  main  sewers  was  much  greater,  bringing  the 
cost  up  to  $20,005.11  or  an  average  of  $2,715^ 
per  foot.  In  connection  with  these  sewers  23 
manholes  and  28  catch  basins  were  constructed 

In  addition  to  the  above,  760  feet  of  sewers,  3 
man-holes,  and  54  basins  were  constructed  in  con- 
nection with  the  street  improvements.  The  old 
wooden  sewer  in  Wenham  Avenue  was  taken  up 
for  347  feet. 

The  following  table  shows  the  lengths  and  sizes 
of  the  sewers  constructed: 
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The  total  length  of  sewers  now  in   use  in  the 
city,  is  as  follows: 

Brick  Sewers 37.31 1  lineal  feet=7  miles   351  feet 

Clay  Pipe  Sewers 34.178     "        "==6    "  2498    " 

Cement  Pipe  Sewers : .  2.680     "       "  =0    "  2680 

Wooden  Sewers 8.274     "        "  =1    "  2994 


■i 


Total 82.443  lineal  feet=i5  miles  3243  ft 

The  following  are  the  sizes  as  near  as  can  be 
ascertained,  and  the  lengths  in  feet  of  each  size: 

BRICK   SEWERS. 

io'-4"x6'-2",  358;  io\6\  106;  6\  2246;  5'x6',  1164; 
4x5',  2889;  4o'x6o",  712;  36'x54",  36;  3'x4' 5117; 
3o"x45'',  343;  2'x3\  3327;  22*^x33",  572;  24"x30*\ 
1544;  20^x30",  3614;  2o"x24",  3551;  i8"x27",  947; 
i8"x24",  6411;  i6"x24'\  3142;  18'',  1234. 

CLAY  PIPE  SEWERS. 

24".  358;  22",  367;  20",  1173;  18",  6780;  15".  6850; 
12",  16514;  9".  2310. 


CEMENT  PIPE  SEWERS. 

18",  96;  12",  1701;  9",  513;  8",  370. 

WOODEN  SEWERS. 

3'x4'.  3981;  i8"x24",  1635;  i8"xi8".  850;  I2"xi8". 

834;    I2"XI2",  974. 

The  old  culvert  under  Canal  Street  near  Hast- 
ings having  fallen  in,  was  cleaned  out  and  re- 
paired. It  was  built  about  30  years  ago  and 
covered  with  timbers,  part  white  oak  and  part 
white  pine.  On  uncovering  it  the  oak  timbers 
were  all  found  badly  decayed  and  many  of  them 


broken,  while  the  pine  timbers  were  found  per- 
fectly sound,  except  about  half  an  inch  in  depth 
all  around. 

A  portion  of  the  pipe  sewer  on  Monroe  Street 
failed  and  has  been  replaced  by  brick.  This 
failure  makes  it  advisable  not  to  use  any  more 
pipe  for  sewers,  of  a  great  diameter  than    i8  in. 

SUMMARY  OF  WORK  DONE. 

In  the  accompanying  table  will  be  found  a  list 
of  all  the  improvements  completed  by  the  Board 
since  May  ist,  1876,  with  the  name  of  the  con- 
tractor, and  the  cost  for  construction  and  for 
engineering,  assessment  and  printing.  Those 
marked  *  were  in  progress  May  ist,  1876.  From 
this  table  we  deduce  the  following  summary. 

Total  cost  of  improvements  completed  by  the 
Board: 

Grading  and  Paving $76,972  15 

Grading,  Graveling  and  Paving  Gutters '.  44453  07 

Grading  and  Graveling 2,610  08 

Sewers 20,005  ^  ^ 

Reservoirs 230  00 

Total  cost  of  completed  work. . .  .$144,270  41 

Add  payments  made  on  work  in  progress 6,779  ^o 

Add  payments  made  on  Water  Works  construction. .     36,185  00 
Add  payments  made  on  Water  Works  operation 12,663  93 

Total  expenditure $199,897  74 

Deduct  estimates  paid  previous  to  May  ist,  1876 43413  75 

Total  expenditures  during  the  year  $156483  99 
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WATER  WORKS. 

On  the  5th  day  of  June  the^  Common  Council 
made  an  appropriation  of  $12,000  in  bonds  for 
necessary  improvements  and  extensions,  and  on 
the  14th  of  August  a  further  appropriation  of 
$20,000  for  extensions.  Under  these  appropriations 
contracts  were  made  with  Dennis  Long  &  Sons 
for  pipe;  R.  D.  Wood  &  Co.  for  valves;  Boston 
Machine  Co.  for  hydrants;  T.  C.  Brooks  for  laying 
pipe,  and  W.  R.  Coates  for  furnishing  and  laying 
pipe.  These  contracts  were  all  promptly  per- 
formed, and  the  following  work  done  under  them: 


3955.18  Lineal  Feet 

12  inch  Cast  Iron  Pipe. 

1597.93 

M 

<f 
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II           II 

6435.57 
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It 

ll          II 

3914.85 

M 
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II                   H 

1863.10 
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II                   11 
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Valves. 
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II 
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II  II  II 


2  4 

33  Lowry  Hydrants. 
3  Ludlow       " 

Or  a  total  of  17766.63  feet  (3.37  miles)  of  pipe, 
22  stop  valves  and  36  hydrants;  22  feet  of 
Wyckoff  pipe  were  replaced  by  the  new  iron  pipe 
laid. 

The  streets  upon  which  these  pipes  were  laid 
and  the  location  of  the  valves  and  hydrants,  are 
shown  in  the  appendix. 

The  total  length  of  pipe  now  laid  in  the  city 
is  117521  feet,  or  22.26  miles,  of  which  all  but  5052 
feet,  or  less  than  one  mile,  are  available  for  tap- 
ping. There  are  133  stop  valves,  and  235  hydrants, 
of  which  204  are  l.owry,  16  Ludlow  and  15 
Matthews. 
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ENGINE  HOUSE- 

The  channel  of  Coldbrook  Creek  has  been 
covered  with  timber  as  far  back  as  the  stone 
walls  extend,  (112  feet  from  Canal  Street,)  and 
the  grounds  filled  up  to  the  level  of  Canal  Street, 
back  to  the  river.  A  wood  shed  has  been  built 
I02'x96'  between  centers  of  corner  posts,  which 
will  hold  360  cords. 

A  neat  fence  on  the  south  and  east  sides  of 
the  building  and  the  sodding  of  the  grounds 
would  add  much  to  their  appearance. 

SETTLINQ  BASIN. 

The  inner  slopes  of  the  basin  have  been  paved 
with  cobble  stones  eight  inches  in  depth,  set  on 
six  inches  of  gravel.  The  bermes  left  on  the 
original  slopes  were  taken  out  as  no  longer 
necessary  and  the  slope  now  stands  at  2  2-5  hori- 
zontal to  I  vertical. 

A  brick  gate  house  i7'io**xi6'6"  on  the  outside, 
10  feet  high  in  front  and  12  feet  in  the  rear, 
with  gravel  roof,  has  been  built  over  the  outlet 
chambers,  and  a  picket  fence  six  feet  high  built 
around  the  edge  of  the  inner  slope. 

The  reservoir,  pumping  machinery,  and  pipe 
under  Grand  River  are  all  in  good  order  and 
have  required  no  additional  expenditure  for  con- 
struction during  the  past  year. 


I.^ 


COST  OF  WATER  WORKS. 

The  total  expenditure  for  construction   of  the 
Water  Works  up  to  May  ist,  1877,  is  as  follows: 


TO  MAY  1ST 

1875. 

MAY  I,  '75 

TO 
MAY  1,'76 

MAY  I, '76 
TO 

MAY  I, '77 

TOTAL. 

Real  Estate 

$  30,050.00 
122,799.28 

2,004.75 

364.37 

51401.88 

250.39 

19,209.06 

14,181.81 

2.331.75 

$  i5.3«.5o 

52480.54 

2,616.68 

3.264.38 
12,571.23 

20.00 

3.549.36 
7.290.52 

$        899.81 
24423.83 

"3.'897.98 

i  46.262.^1 

Pipe  System 

Pipe  under  River. . . 
Con't*n8with  Pumps 
Reservoir 

199,703.65 
4.621.43 

54.066.26 
16469  21 
270.39 
23,875.90 
21472.33 
2.331.75 

3.049  37 

JOO.OO 

9.880.12 

250.69 

566.63 

Set  Bas.  &  Sup.  Pipe 
Engine  House,  Tern. 
Engine  House,  Per. 
Pump*g  Mach'y,  Per. 
Pump'g  Mach'y,  Tem 
Meters 

1.11748 

....  ••*. . 

825.62 

'3A6S.6S 

40.05 

189.69 

289.80 

2.223.75 

Hose  Heads 

500.00 
2.97247 

462.96 
276.83 

Engin*ng  &  Supt'nce 
Print  &  Advertising 
Expenses  of  Loan.. . 
Miscellaneous 

3439.00 

58.14 

125.01 

Total 

$246,958.05 

tioi. 010.02  A  '%6.i8c.oo 

$^8^,062.07 

1 

The  amount  of  water  bonds  issued  is   $382,000 
on  which  the  annual  interest  will  be  $30,560. 

The  receipts  of  the  Water   Works  Fund  since 
the  commencement  of  the  works,  are  as  follows: 


From  Sale  of  Bonds 

From  Bonds  paid  to  Farring- 

ton  &  Branch *. 

From  priv.  parties  for  Pipe,  &c 
From  Far.  &  branch,  repairs. 


PREVIOUS 
TO  MAY  I, '76 


$342,060  52 

10,000  00 

171 58 


$352,232   10 


MAY  I, '76  TO 

MAY  I,  'yy. 


$34,923  60 


178  32 

86  58 


$35,188  50 


TOTAL. 


S  376,984   12 


10,000  00 


"UTb 


$  387420  60 


14 
MAINTBNANCB    AND    OPERATION    OP 

WATER  WORKS. 

The    receipts   of   the    Water   Works    Income 
Fund  have  been  as  follows: 


From  Permits 

From  Water  Rents. . 
From  Frontage  Tax. 
From  Genersu  Tax.. 


TO  MAY  I, 

1875.' 

MAY  I.*75 
to  MAY  1/76 

$  1,060.00 
1,019.82 

$  Ip26o.OO 

9.532.41 

3.00487 

6,000.00 

$  2.079.82 

$19,857.28 

MAY  I,*76 
to  MAY  I,'77 


$  668.00 
6,244.12 
2,637.32 


TOTAL. 


$  9.549-44 


$  2jqlS&joo 

16,796.35 
5,702.19 

O^000XX> 


$31486.54 


The  receipts  during  the  past  year  have  been 
considerably  less  than  was  anticipated,  owing 
largely  to  the  continual  depression  in  business, 
which  has  prevented  many  from  connecting  with 
the  mains  who  would  otherwise  have  done  so, 
and  compelling  economy  on  the  part  of  those  al- 
ready connected.  It  cannot  be  expected  that 
there  will  be  any  great  increase  during  the  com- 
ing year. 

The  expenditures  have  been  as  follows: 


Operating  Expenses 
Interest  on  Bonds . . 


TO  MAY  I, 

1875. 


$  6,162  31 
17.637  73 


MAY  I,  75 

to  MAY  I, '76 


$  7»77^  52 
26,280  00 


MAY  I,  *76 

to  MAY  1,77 


$12,663.23 
29,280.00 


TOTAL. 

$26,604.06 
73.19773 
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During   the   past   year  the   expenditures  have 
have  been: 


For  Pumping— Wages,  Engineers  and  Fireman.  .$3,186  25 

Fuel— Wood  and  Coal 3,204  13 

Small  Stores 273  89 

Repairs.  Engine  House 44  51 

Repairs,  Engine  and  Boiler ,       67  08 

t6,775  86 

For  Ts4>ping — Wages,  Tools,  etc $  991  40 

Stop  Cocks,  etc 806  16 

1.797  56 

For  Repairs— Labor,  Materials,  etc $  772  14 

Superintendence  since  1874 1.612  00 

2.384  U 

For  Office  Expenses— Clerk's  Salary $  812  50 

Stationery 1 16  77 

Printing 1989 

949  16 

For  Setting  Meters,  etc 253  89 

For  Sundries — Rent $   150  00 

Sewer  Tax 214  27 

Cartage,  Lumber,  etc 1 17  71 

Taxes  Refunded 20  65 

502  63 


Total $12,663  23 

The  operating  expenses  seem  to  have  increased 
largely  since  last  year,  but  it  is  more  in  appear- 
ance than  reality,  as  about  $1,800  of  the  amount 
was  for  wages  and  superintendence  of  repairs, 
which  belonged  to  previous  years,  some  as  far 
back  as  1874,  and  about  $1,400  for  fuel  and  other 

• 

materials  now  on  hand,  leaving  only  about  $9,400 
for  the  legitimate  expenses  of  the  year.  Arrange- 
ments have  been  made  by  which   a  considerable 
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reduction  will  be  effected  during  the  coming 
year,  and  it  is  probable  that  the  expenses  will 
not  exceed  $8,000. 

Number  of  Permits  issued  previous  to  May  i,  1875 ^S 

May  ist,  1875  to  May  ist,  1876 257 

May  ist,  1876  to  May  ist,  1877 ^3$ 


it        <«        If  It 

«  «  M  If 


Total  number  issued.  .1 5^7 

A  license  for  general  plumbing  has  been  granted 
to  William  Miller.  All  licenses  for  tapping  were 
revoked  at  the  beginning  of  the  year,  and  this 
work  has  since  been  done  by  an  employee  of  the 
Board. 

Forty-five  meters  have  been  purchased,  making 
the  present  number  88  of  which  71  are  in  use. 

Ball  &  Fitts,  2  1^",  II  I".  33  H'\  36  X"-82. 
Worthington.  2  i",  4  f<"— 6. 

Water  is  furnished  for  the  following  uses: 

474  Street  Sprinklers. 
334  Water  Closets. 

52  Urinals. 

23  Baths. 
380  Sinks. 
236  Families. 

The  above  does  not  include  consumers  and 
fixtures  supplied  through  meters. 
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WORK  OF  THE  PUMPING  ENGINE. 


The  engineer  of  the  pumping  works  submits 
the  following  report: 

Grand  Rapids,  May  ist,  1877. 
To  the  Honorable  Board  of  Public  Works: 

Gentlemen — The  undersigned  respectfully  sub- 
mits his  report  of  fuel  burned  and  work  done 
for  the  year  beginning  May  ist,  1876  and  ending 
April  30th,  1877. 

Delivery  of  water  per  revolution,  estimated  at 
100  gallons,  160  feet  high. 

Fuel  is  pine  slabs  and  edgings,  average  weight, 
moderately  dry,  1400  fes.  to  the  cord.  Estimated 
value  of  fuel,  2j4  fcs.  of  slabs=i  Bb.  coal. 

Steam  is  kept  at  about  15  Bbs.  through  the  24 
hours  when  not  running.  Average  time  of  run- 
ning 8  hours  in  24. 

In  the  following  statement  the  total  amount  of 
wood  burned  each  month  is  given,  no  reduction 
being  made  for  fuel  expended  in  raising  and 
keeping  up  steam. 

The  probable  expenditure  of  fuel  for  other 
purposes  than  pumping  is  about  one-fourth  of 
the  whole  amount.  It  would  therefore  be  cor- 
rect to  add  for  performance  of  engine  one-third 
to  the  duty  given,  making  the  duty  for  February 
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actually  considerably  larger  than  71,573,980  as 
given.  The  wide  difference  in  duty  for  different 
months  is  accounted  for  by  difference  in  fuel  and 
difference  in  running.  Thus,  in  December,  when 
a  cord  of  slabs  had  half  a  cord  of  snow  and  ice 
on  it,  the  duty  was  only  26  millions;  again,  in 
July  when  the  paving  of  the  settling  basin  was 
in  progress,  and  the  engine  working  from  15  to 
25  minutes  in  each  hour  of  the  24,  the  duty  was 
a  little  over  30  millions.  In  February,  with  a 
regular  supply  of  water,  and  slabs  which  had 
been  under  cover  for  a  few  weeks,  and  warm 
and  dry  weather,  the  duty  rose  to   7i}i    millions. 

On  the  iSth  of  April,  with  4725  Bbs.  of  pine 
edgings  and  thin  slabs,  mere  kindling  wood  in 
fact,  the  engine  pumped  one  million  gallons  160 
feet  high,  giving  a  duty  of  over  71  millions. 
Time,  10  hours,  40  minutes,  boiler  pressure  about  30 
pounds.  This  is  the  only  time  made  with  weighed 
fuel. 

From  these  figures  it  appears  that  for  com- 
parative economy  of  fuel,  the  engine  at  the 
Grand  Rapids  Pump  House  stands  well  up  in  the 
list,  and  it  is  believed  that  with  a  mate  coupled 
to  the  same  shaft,  so  that  advantage  could  be 
taken  of  an  early  cut  off,  for  which  the  valve 
gear  of  the  engine  is  extremely  well  suited,  a 
duty  could  be  shown  fully  equal  to  that  of  any 
pumping  engine  in  the  United  States. 

I  am  pleased  to  report  that  the  engine,  boilers 
and  pumps  are  in  good  order,  and  .that  no  re- 
pairs further  than  renewing  packing  have  been 
required. 
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Since  connecting  the  pumps  with  the  Settling 
Basin  there  has  been  no  deficiency  in  the  supply 
of  water  to  the  pump,  except  while  the  paving 
of  the  basin  was  going  on,  and  no  trouble  with 
sand  and  gravel  which  previously  were  a  source 
of  annoyance. 


STATEHENT  OF  WORK  DONE. 


MONTHS. 

RUNNING 
TIME. 

NO.   OF 

revolu'ns. 

m 

GALLONS 
PUMPED. 

CORDS 
WOOD. 

Duty  in  tbfl 
raised  1  ft  hish 
by  the  eqnlval't 
of  100  lbs.  ooal. 

1876. 

May 

June 

July 

Auk 

Sept 

Oct 

Nov 

Dec 

1877. 

Jan 

Feb 

March... 
April..  .. 

H.            M. 

166       45 

177        55 
288        30 

581        05 

209       55 

201        15 

176       50 
207        55 

225        50 

187        50 
203       00 
181        05 

173*726 
181,234 
202,553 

208.739 

201,553 
201,825 

178,286 

217,060 

233.876 
192469 

200,594 
178.328 

• 

17,372,600 
181,123,400 
20,255,300 
20.873,900 
20,155,300 
20,182,500 
17,828,600 
21,706,000 

23,387.600 
19,246,900 
20,959400 
17,832,800 

78 

160 
140 
102 

ic6 
looH 

98 
64 
81 

87 

53,009,014 
45.887448 
30,129,758 

35.550,563 
47,028,361 

45.814.275 
42434,c68 
26,047,200 

56,830.868 
71,576,120 
61,020,636 
49.266,000 

ToUl.... 

2807       55 

2,379.243 

237,924.300 

1.256 

Demetrius  Turner, 
Engineer  Pumping  Works. 
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From  the  above  report  it  appears  that  237,- 
924,300  gallons  of  water  have  been  pumped  dur- 
ing the  year,  showing  an  average  daily  consump- 
tion of  651,847  gallons,  an  increase  of  about 
150,000  gallons  over  the  preceding  year.  If  this 
rate  of  increase  should  continue  during  the  com- 
ing year,  it  is  evident  that  by  the  end  of  the 
year  the  consumption  will  have  reached  the  limit 
of  the  supply  from  Carrier  Creek. 

Measures  should  therefore  be  speedily  taken 
either  to  keep  the  consumption  within  the  limits 
of  the  present  supply  or  to  obtain  an  additional 
supply.  Where  this  additional  supply  should  be 
obtained  is  a  question  which  requires  thorough 
examination  and  careful  surveys  for  its  solution, 
as  there  are  in  the  case  of  this  city  questions  of 
relative  economy  connected  with  it  which  cannot 
be  met  by  mere  guess-work  or  assertion. 

It  is  also  very  desirable  that  the  water  of 
Carrier  Creek  should  be  condemned  from  the 
settling  basin  to  the  springs  at  the  head  of  the 
creek,  so  that  it  cannot  be  used  for  any  other 
purpose  before  reaching  the  basin. 

It  would  be  good  policy  to  lay  a  pipe  from 
the  springs  to  the  basin,  and  thus  shut  off  the 
surface  water  which  is  of  inferior  quality,  and 
gives  annoyance  by  roiling  the  water  in  the  basin 
in  time  of  showers. 

Assuming  the  present  population  of  the  city  at 
32,000,  the  consumption  for  each  person  per  day 
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is  about  20  gallons,  and  for  each  tap  per  day 
about  1000  gallons,  including  what  is  used  for 
fire  and  other  public  purposes. 

Respectfully  submitted, 

E.  W.  MUENSCHER, 

City  Engineer. 


LIST  OF  WATER  flAINS  LAID  IN  1876. 


EAST  SIDE. 


STREET. 

FROM 

TO 

SIZE. 

LENGTH 

KIND. 

Calder 

Cherry .... 

Island 

6  inch 

ft.      in. 

926       II 

Cast  Iron. 

Cherry 

Paris 

Henry 

8    " 

973       0 

Cherry 

Division... 

Ionia 

8    " 

624       I 

Division .... 

Wealthy  . . 

5th  Avenue 
Blakeley... 

12    " 

2650       7 

Jefferson  Av 
Kent  Alley. 

Wealthy  . . 

6    " 

1067       5 

Lyon 

Maple 

Bridge 

4    " 

1140       7 

Lagrave 

Wealthy  . . 

6    " 

853       0 

Paris  Ave.. 

Cherry .... 

Buckeye... 

6    " 

708       0 

Plainfield  A. 
Ransom 

Leonard... 
Lyon 

Quimby  . . . 
Fountain  . . 

8    " 
4    " 

1955       2 
710       4 

Summit 

Bartlett . . . 

Wealthy... 

8    " 

660       4 
328       I 

Wealthy  Av 

Summit . . . 

Grandville. 

8    " 

Wealthy  Av 

Division . . . 

Lafayette. . 

10    " 

1597     II 

Branches  to 
Branches  to 

Hydrants... 
Hydrants... 

4    " 
6    " 

12       2 

27      6 

WEST  SIDE. 


Bridge 

Tefferson.... 
Stocking.... 


Stocking... 

Sibley 

Bridge 


Indiana. . . . 
Shawmut. . 
Fourth .... 


12  " 

1304 

8 

6    " 

332 

0 

8    " 

1885 

II 

fl 
u 
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LOCATION  OF  STOP  VALVES  SET  IN  1876 


STREET. 


LOCATION. 


Calder  Street.... 

Cherry  Street 

Cherry  Street... . 
Division  Street.. 
Division  Street.. 
Division  Street.. 
Jefferson  Avenue 

Kent  Alley 

Lagrave  Street.. 

Paris  Avenue 

Plainfield  Ave. . . 
Plainfield  Ave.. . 
Ransom  Street.. . 
Summit  Street... 
Wealthy  Avenue. 
Wealthy  Avenue. 
Wealthy  Avenue. 
Wealthy  Avenue. 

Bridge  Street 

Jefferson  Street.. 
Stocking  Street. . 
Stocking  Street. . 


North  line 
West  " 
West  " 
South 
North 
North  " 
South  " 
North 
North 
South  " 
North  " 
South  " 
South  " 
North  " 
East  " 
West  " 
East 
East 
East 
North 
North  " 
South     " 


14 


14 


(I 


(4 


II 


f< 


41 


it 


t* 


II 


Cherry  Street . . . 

Henry      " 

Division  " 

Wealthy  Avenue 

Second 

Fifth 

Wealthy 

Lyon  Street 

Wealthy  Avenue 
Cherry  Street . . . 
E.  Leonard  St... 
Madison  Street.. 
Lyon 

Wealthy  Avenue 
Division  Street 

Jefferson  Ave. 
efferson  •'  . 
Grandville  Ave 
Indiana  Street. 
Shawmut  Ave. 
Bridge  Street. 
Fourth     " 


PATTERN. 


I    SIZE. 
INCHES. 


6 
8 

8 

12 

12 

12 

6 

4 
6 
6 
8 
8 

4 

8 

10 

10 

10 

8 

12 

6 

8 

8 
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LOCATION  OF  HYDRANTS  SET  IN  1876. 


LOWRY  HYDRANTS. 


CI 


« 


<i 


It 


u 


tt 


tt 


If 


latersection  of  Calder  Street  with 
"  Cherry 
"  Cherry 
"  Division  " 
**  Division  " 
Jefferson  Ave.  " 
Lagrave  St.       " 
"  Paris  Avenue    " 
"  Plainfield  Ave. " 
Plainfield    "     " 
Summit  Street  " 
Wealthy  Ave. 
"  Wealthy     •• 
"  Bridge  Street 
"  Bridge     " 
Stocking  " 


« 


II 


i« 


If 


fi 


11 


If 


<« 


If 


Island. 

Union,  James  and  Henry. 

Spring. 

Wenham,  Blakeley  &  Pleasant 

Sycamore  and  5th  Avenue. 

Blakeley. 

Goodrich  and  Wealthy. 

Buckeye. 

Carrier,  Page  and  Grove. 

Caledonia  and  Quimby. 

Goodrich  and  Wealthy. 

Sheldon,  Cass  and  Lafayette. 

Grandville. 

Gold  and  West  Broadway. 

Straight  and  Indiana. 

First,  Second,  Third  &  Fourth 


LUDLOW  HYDRANTS. 


Northwest  corner  of  Calder  and  Oakes  Streets. 

"  "       "  Jefferson  and  Wenham  Avenues. 

Northeast       "        "  Kent  Alley  and  Bronson  St. 


o ^o-^^ o 

REPORT 


OF  THE 


BOARB  OF  PUBLIC  WORKS 


J 


TO  THE 


COMMOil  COUNCIL  OF  THE  CITY  OF  GRAND  RAPIDS, 


Transmitting  the  Reports  of  the 
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OF  THE  WATER  WORKS, 


jFor  the  Fiscal  Year  ending  April  30th,  i8y8. 


ALSO  THE 


Annual  Report  i  City  Snryeyon 


GRAND  RAPIDS,  MICH.: 
C.  M.  Looms,  Book  and  Job  Printer. 


1878. 
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REPORT 


OF  THE  ! 


BOARD  OF  PUBLIC  WORKS, 


TO  THE 


COMMON  COUNCIL  OF  THE  CITY  OF  GeAND  HAPIDS. 


Transmitting  the  Reports  of  the 


^ttprittlBitWl,  ©tiEfe^ur  ^  ^njtitJB^ 


Compliments  of  the  Board. 

Please  Exchange. 


ALSO  THE 


Annual  Report  i  City  Surveyor. 


GRAND  RAPIDS,  MICH.: 
C.  M.  LooHis,  Book  and  Job  Printer. 

1878. 


f 


REPORT 


OF  THE 

I 

i 


BOiRD  OF  PUBLIC  WORKS, 


TO  THE 


COMMON  COUNCIL  OF  THE  CITY  OF  CeUND  RAPIDS, 


Transmiaing  the  Reports  of  the 


OF  THE  WATER  WORKS. 


For  the  Fiscal  Year  ending  April  joihy  i8y8. 


ALSO  THE 


Annual  Report  i  City  Surveyor. 


GRAND  RAPIDS,  MICH.: 
C.  M.  LooMis,  Book  and  Job  Printer. 

1878. 


Report  of  the  Board. 


Grand  Rapids,  May  1st,  1878. 
To  the  Honor aile  the  Mayor  and  Council: 

The  Board  of  Public  Works  has  the  honor  to  submit  here- 
with its  report  of  the  operation  of  the  Water  Works  for  the 
year  ending  Apnl  3Qth,  1878. 

The  report  of  the  Superintendent  of  the  works,  shows  in 
detail  the  condition  of  things  under  his  charge,  and  a  com- 
plete inventory  of  the  property  belonging  to  the  city,  and 
especially  in  charge  of  the  Board  of  Public  Works. 

The  report  of  the  Collector  of  Water  Rates  arid  Clerk  of 
the  Board,  shows  the  receipts  and  expenditures  for  the  year, 
and  a  detailed  statement  of  all  matters  connected  with   the 
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operation  of  the  works  that  will  in  any  way  interest   the 
public. 

The  Report  of  Mr.  Demetrius  Turner,  engineer  in  charge 
of  the  pumping  aparatus,  follows  with  an  inventory  of  the  fuel 
and  other  property  in  his  charge.  These  reports  show  a  re- 
markable improvement  in  everything  connected  with  the  man- 
agement of  the  works  for  which  the  city  is  largely  indebted  to 
the  untiring  vigilance  of  Mr.  Turner,  our  engineer,  and  his  as- 
sistants at  the  pump  house,  to  Thos.  Farmer,  Jr.  the  Superinten- 
dent, and  especially  to  Mr.  A.  B.  Farnsworth,  the  late  collector 
of  water  rates,  and  Clerk  of  the  Board.  Mr.  Fred.  A.  Twamley 
the  newly  appointed  Collector,  has  given  the  Board  good  satis- 
faction during  the  time  he  has  discharged  the  duties  of  that 
office,  and  we  think  will  be  a  faithful  and  valuable  public 
servant.  The  Board  has  frequently  called  the  attention  of  the 
Council  to  the  propriety^of  an  allowance  to  the  Water  Works  In- 
come Fund  for  water  taken  for  public  use.  This  would  not  in 
any  way  aifect  taxation  or  the  treasury,  but  it  would  be  a  merit- 
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ed  acknowledgment  of  the  great  benefit  derived  by  the  city  from 
the  water  works.  The  cost  of  management  and  operation  of 
the  works  has  been  reduced  to  the  lowest  point  consistent  with 
honest  and  efficient  service,  and  in  the  general  results  of  the 
operative  department  we  challenge  a  comparison  with  any 
works  in  the  country  of  equal  capacity. 

The  income  of  the  works  has  been  $7,925.64  more  than  the 
operating  expenses  and  salaries,  and  the  cost  of  management 
ought  not  to  increase  hereafter  as  fast  as  the  income. 

The  harmony  that  has  existed  between  the  Council  and 
Board  during  the  past  year  has  made  our  position  unusually 
pleasant,  and  it  is  gratifying  to  know  that  what  little  there 
may  have  been  of  factious  opposition  has  not  in  any  way  been 
prejudicial  to  the  public  interests.  The  wise  action  of  the 
Council  in  providing  the  means  to  purchase  duplicate  pump- 
ing machinery  meets  with  the  general  approval  of  the  tax- 
payers that  have  taken  the  trouble  to  look  into  the  necessity 
for  it.  The  contract  has  ben  executed  in  accordance  with  the 
approval  of  the  Council,  and  the  work  begun.  The  pay  of 
the  five  members  of  the  Board  for  the  past  year  amounts  to 
$266.50. 

If  this  sum  is  deemed  excessive  for  the  service  rendered,  we 
respectfully  suggest  to  the  Council,  that  the  duties  of  the 
Board  may  be  profitably  increased  by  placing  in  its  charge 
the  general  care  and  supervision  of  the  improved  streets. 
There  is  such  a  general  disregard  of  the  ordinances  governing 
the  use  of  the  streets,  especially  the  ordinances  forbidding 
driving  in  and  across  the  paved  gutters,  depositing  rubbish  on 
the  streets,  and  scattering  dirt  along  the  streets  from  open 
wagons,  as  to  make  a  serious  drain  on  the  highway  funds. 

Some  one  should  be  authorized  and  required  to  prosecute 
the  ofienders. 

Respectfully  submitted. 

THOS.  D.  GILBERT,! 

F.  B.  DAY, 

JOHN  8.  FARR, 

L.  D.  PUTNAM,  1    Works. 

JAMBS  MILLER, 


Board  of 
Public 


Superintendent's  Report. 


Water  Works  Ofpicb, 
May  1st,  1878. 

To  the  Honorable  the  Board  of  Public  Works  of  the  Oity  of 
Chrand  Rapids : 

Gentlemen  :  — The  annual  report  for  the  year  ending 
April  30th,  1878,  is  herewith  respectfully  submitted. 

There  have  been  no  extensions  to  the  pipe  system  during 
the  year.  A  new  boiler  has  been  set  up  at  the  Pumping 
Station,  and  the  old  one  thoroughly  overhauled.  The  expen- 
ses for  maintenance  and  repairs  have  been  less  than  for  any 
previous  year,  while  the  receipts  have  been  greater. 

RESERVOIR. 

Notwithstanding  the  fact  that  the  outer  slopes  are  not 
sodded,  there  are  no  signs   of  wash  owing  to   rain    storms, 

and  there  are  no  signs  of  leakage. 

I 

SETTLING  BASIN. 

The  setling  basin  is  in  very  good  condition,  but  a  small 
amount  having  been  expended  for  repairs. 

PIPE  UNDER  GRAND  RIVER. 

The  pipe  under  Grand  River,  at  Mason  Street,  was  care- 
fully inspected  along  its  entire  length,  (during  the  period  of 
low  water)  and  found    to   be  m  perfect  order,  as  no  signs  of 
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leakage  at  the  joints  or  of  rust  on  the  body  of  the  pipe  were 
discernable. 

WYCKOFF  PIPE. 

The  Wyckoff  Pipe  is,  to  all  appearance,  in  as  good  condit- 
ion as  when  laid.  In  uncovering  the  pipe  for  the  purpose  of 
tapping  on  making  repairs,  the  iron  bands  appear  to  be  as 
bright  as  when  put  on.  The  coating  of  coal  tar  on  the  out- 
side of  the  pipe  is  very  firm,  with  no  appearance  of  scaling 
off. 

PUMP  LOGS. 

The  pump  logs  have  given  but  little  trouble  during  the 
year,  and  with  the  exercise  of  a  proper  amount  of  care  in 
closing  hydrants,  will  prove  a  very  serviceable  kind  of  pipe 
for  the  upper  levels. 

HYDRANTS  AND  VALVES. 

There  have  been  nine  Lowry  hydrants  raised  by  ext-ensions, 
in  order  to  bring  them  to  street  grade.  A  large  number  of 
valve  boxes  have  also  been  raised,  but  as  the  expense  of  each 
was  small,  no  account  was  kept  of  the  number  The  hydrant 
and  valve  boxes  have  also  all  been  cleaned,  and  the  hydrant 
barrels,  and  the  caps  of  the  valves  have  been  painted 
with  coal  tar. 

METERS. 

The  city  now  owns  88  meters,  and  there  are  also  10  meters 
loaned  for  trial.     Of  these  there  are  90  in  use,  as  follows  : 

75  Ball  &  Fitts  Piston. 
3     "  "      Rotary,  (loaned.) 

6  Worthington. 
6  Arnold's  Patent,  (loaned.) 

A  few  meters  must  necessarily  be  kept  on  hand,  to  replace 
those  taken  out  for  repairs,  and  for  the  convenience  of  build- 
ers. A  number  of  the  Ball  &  Fitts  Piston  meters  have  stopped 
owing  to  the  breakage^ of  the  crank  shafts.  The  rotary  meters 
are  proving  to  be  all  that  was  claimed  of  them.  One  Wor- 
thington stopped  registering,  but  aside  from  this,  no  trouble 
was  experienced  with  this  kind  of  meter. 
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LEAKS. 

The  following  table  shows  the  number  and  kind  of  leaks  in 
the  different  pipes : 

Joints.          Knots.          Checked.  Bands  Burst        '  Total. 

Wyckoff,           14            8               1  23 

Pump  Logs,                     13  4 

Iron,                   2  '2 

Stave,                              1  4                   5 


Total,  16         10  4  4  34 

There  have  been  three  new  valve  stems  put  in  to  replace 
broken  ones,  as  follows  :  one  four-inch  at  Phoenix  Furniture 
Co.,  one  four-inch  at  Star  Mills,  one  four-inch  at  intersection 
of  Fountain  and  Division  Sts.  Five  hydrant  valves  have 
been  taken  out,  which  were  badly  cut  up  by  stones  getting 
in  the  valve  seats,  and  replaced  by  leather  ones.  One  Lud- 
low hydrant  was  found  frozen,  and  so  damaged  as  to  require 
taking  up  and  replacing  by  a  new  one.  During  the  year  a 
small  repair  shop  has  been  built  and  fitted  up  with  tools  nec- 
essary for  repairing  meters,  hydrants,  &c.  It  has  been  the 
means  of  considerable  saving  to  the  city. 

The  annexed  tables  show  the  streets  in  which  the  pipe  is 
laid,  the  kind  of  pipe,  and  location  of  hydrants  and  valves. 

An  inventory  of  stock  and  tools  is  also  appended. 

Respectfully  submitted, 

THOMAS  FARMER,  Jr., 

Superintendent. 
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LIST  OF  WATER  MAINS —May  1st,  1878. 

EAST  SIDE. 


STREET. 


Baiclay.^^ 

it 

(4 

Bostwlck 

E  Bridge 

!• 
«< 
<« 

Bronflon 

Galder 

GSunpau  ~ 

Can&l 

ti 

ti 
t« 

Cherry 

4« 
tl 
<« 
tl 

Clancy. 

Clinton 

Colt  Ave 

N  &  8  DlvlBion 
8  Division 

Erio. 

Fountain 

B  Fulton 

Hastings........... 

Huron 

N&8  Ionia 

8  Ionia 

Je£ter8on  Aye 
t« 

Kent. ~ 

« 

Kent  Alley 

N  Laftiyette 

t< 

8  Lafayette 

AjagTave ....  ...... 

•« 

Ledyards  Alley 
E  Leonard 

(4 

Livingston 

Lewis 

Lyon 

«• 

•• 
(i 
(* 

jsason . ............ 

(< 

Monroe 

t< 

Ottawa 

11 

<t 
Paris  Ave 


FROk 


Bridge 

Bronson 

Fountain 

Fountain 

Canal 

Ottawa. 

Colt  Ave...... 

Barclay 

Barclay 

N  Lafayette... 
Cherry.. 

Pearl 

Pumping  Bta. 
£  Leonsfd^... 

RSAOO'BMia 

Summit 

Jefferson  Ave 
8  Lafayette... 

Paris  Ave 

8  Division 

E  Bridge 

E  Bridge 

Hastings. 

E  Bridge 

Hastings. 

E  Bridge 

Cherry 

Wealthy  Ave 

Canal 

N  Division.... 
N  Lafayette... 

Division 

Colt  Ave 

Canal 

Pearl 

Oakes 

E  Fulton 

Wealthy  Ave 

Lyon 

E  Bridce 

Trowbridge .. 

Lyon 

Bronson  

Lyon... 

E  Fulton 

E  Fulton 

Maple 

Pearl 

At  Canal 

Canal 

Reservoir 

Newberry  .... 
N  Waterloo... 

N  M  &  Co 

Canal 

Ottawa 

N  Division.... 
N  Lafayette  . 

Reservoir 

Ottawa 

Pearl 

Ottawa .... — 

Monroe 

Newberry  .... 

Mason  

Cherry  south 


TO 


Bronson  

Lyon 

Fulton 

Lyon  

Ottawa 

Colt  Ave 

Barclay 

N  Lafayette.... 
N  Lafkyette.... 

N  Union 

Island  

Co  Jail 

E  Bridge. 

E  Leonard 

R  8  <fr  Co's  Mill 
N  aty  limits ... 

8  Ionia 

S  Lafayette 

Paris  Ave 

Henry. 

8  Ionia 

Hastings. 

Hastings. 

Fairbanks 

Hastings. 

Trowbridge  .... 

Cherry 

Wealthy  Ave... 

Fifth  Ave 

Leitelf  s  Shops. 

Barclay 

Qrand  Ave 

Prospect 

Livingston 

Butterworth 

Oakes 

Cherry 

Wealthy  Ave... 
Blakely  Ave..... 

E  Bridge 

Trowbridge.    .. 

Mason 

E  Bridge. 

Lyon 

E  Fulton 

Cherry. 

Maple 

Wealthy  Ave... 
Sinrearofbldg 

Plalnfleld  Ave. 

Newberry 

Hastings. 

Campau  

Canal  st 

Ottawa 

N  Division 

N  Lafayette 

N  Coll^;e  Ave. 

Ottawa 

Canal 

Ottawa 

N  Division 

Newberry 

Mason  

Pumping  8ta... 


Size 


In. 

14 

4 

4 

4 

12 

12 

14 

10 

14 

6 

6 

4 

10 

12 

8 

6 

8 

8 

8 

8 

8 

6 

6 

0 

14 

6. 

12 

12 

12 

4 

4 

6 

10 

14 

4 

6 

6 

6 

6 

6 

6 

4 

14 

8 

4 

6 

6 

6 

12 

12 

20 

14 

4 

6 

10 

10 

10 

14 

16 

12 

10 

12 

12 

12 

16 

6 


XjSXTOh'S 


Cast 
Iron. 


Ft.    In. 

8-4 

3-4 

824-7 

689-2 

605-0 

27-7 

2-2 

619-9 

2-2 

19-1 

926-11 

7-7 

1496-0 

5-6 

22-1 

4-4 

902-0 

5-4 

1665-0 

97a-0 

624-1 

4-5 

608-5 

5-5 

8-4 

8-5 

28-5 

19-5 

2650-7 

181-0 

1151-6 

19-3 

21-10 

2-2 

294-0 

20-11 

475-4 

19-6 

1067-6 

1140-4 

•      84 

1701-0 

1140-7 

2-2 

8-8 

7-7 

1784-11 

853-0 

2-2 

"8-8 

8-0 

272-8 

6-6 

2-2 

445-0 

15-6 

508-6 

16-6 

8-1 

70-10 

9-11 

682-0 

801-4 

4264-8 

9-6 

88-8 

708-0 


WYCKOFF    Logs. 


Ft.    In. 
618-4 


1508-0 
182-8 

498-7 


485-7 

825-11 

2186-1 

481-8 

662-4 


600-3 

8928-9 
1286-7 


2062-4 
4080 

2061-1 

2616-9 

1160-6 


649-8 
1665-9 
1386-8 


170-0 
88-11 
896-8 

1601-4 
427-2 

582-2 

1660-10 
1306-11 

894-8. 

601-6; 


672-2 
1624-5 


Ft.    In 


646-8 


1972-11 


60fr-7l 

1140-0' 

566-7' 


2580-7 


TotaL 

Ft.    In. 

51^ 

5S0-0 

824-7 

689-2 

605^ 

1S80-7 

184-5 

619-9 

600-9 

1992-0 

826-11 

443-2 

1^6-0 

881-6 

2158-2 

4364) 

902-0 

657-8 

1665-0 

978-0 

624-1 

668-0 

608-5 

1146-6 

603-7 

575-0 

3957-2 

1306-0 

2650-7 

181-0 

1151-6 

2549-10 

2074-2 

405-2 

294-0 

2102-4) 

475-4 

2635-3 

1067-^ 

1140-4 

1168-9 

1701-4) 

1140-7 

551-6 

1674-5 

1848  10 

1784-11 

853-0 

172-2 

87-2 

904-8 

2TO-S 

1697-10 

429^ 

445-0 

697-7 

506-6 

1677-3 

1317-0 

965-6 

611-5 

692-0 

801-4 

4254-3 

681-7 

1612-8 

7084) 
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LIST  OF  WATER  MAINS —May  1st,  1878. 

EAST  SIDE. 


• 

STREET. 

u 

FROM 

TO 

Size 

In. 

6 

8 
6 
4 
4 
4 
6 
8 
8 
4 
8 
8 
10 

X^SXTGhTS:. 

Cast 
Iron. 

WYOKOFF 

Logs. 

Total. 

Pearl 

Flalnileld  Ave.. 
N  Prospect 

N  Division... 
E  Leonard.... 
£  Fulton...... 

E  Fulton 

Fountain 

Bronson 

E  Fulton 

Cherrv 

Near  river. 

Qulmby  ......*.... 

Lvon 

Ft.    In. 

2&-10 

1966-2 

291-1 

823-8 

710-4 

4-4 

869-7 

660-5 

669-4 

1S19-9 

11-8 

828-1 

1697-U 

Ft.   In. 
1686-6 

1087-9 

Ft    In 

• 

iao7-u 

694-1 

Ft    In. 

166&4 

1955-2 
1599-0 

Fountain ......... 

828-8 

«t 

710-4 

M 

Rhplrinn 

E  Bridge..... *••*• 

598-8 
869-7 

nuvnmifa  .».««>•«•. 

Bartlett 

660-5 

Washington 

N  Waterloo 

Wealthy  Aye... 

Bartlett 

8  Lafayette... 

Monroe ~. 

Summit.*...*... 
S  Division 

Wealthy  Ave... 
S  College  Ave... 

E  Fulton 

Qrandville  Ave 
Is  LaflEiyette 

669-i 
1819-9 
1049-0 

828-1 
1597-11 

WEST  SIDE. 


Allen 

W  Bridge 

Broadway  — 

Eighth 

Fifth 

8  Front 

Jefferson 

Scribuer  

Shawmut  Ave . 

Stocking 

Summer  

Third 

Winter 


Summer  ~ 

Front 

Stocking- 

W  Bridge 

Broadway 

Broadway  ~... 

W  Bridge 

W  Bridge 

Siblev 

W  Bridge 

Eighth 

8  Front 

W  Bridge 

W  Bridge 

Broadway  ~... 
AUen 


Winter 

Stocking.. 

Indiana 

Eighth 

N  Front 

Seward 

Shawmut  Ave.. 

Sibley 

Shawmut  Ave«i 

Eighth 

Webster 

Jefferson 

Fourth 

G  R  <!^  I R  R~... 

Seward 

Shawmut  Ave.. 


v8 

8-8 

291-2 

12 

28-6 

2000-9 

12 

1804-8 

12 

19-8 

2847-8 

12 

9-4 

980-8 

6 

8-8 

868-6 

6 

19-6 

1650-7 

4 

10-10 

1808-5 

6 

882-0 

6 

17-4 

2821-8 

8 

20-7 

4217-9 

6 

16-6 

1779-0 

8 

1885-11 

4 

U-U 

2147-7 

4 

6-6 

817-2 

4 

5-5 

469-0 

294-5 

2029-8 

1804-8 

2866-11 

940-0 

872-2 

1670-1 

1819-8 

882-0 

2889-0 

42884 

1795-6 

1885-11 

215»4 

'828-8 

474-5 


WATER  MAINS,  May  1st,  1878. 

Not  available  for  service  connections. 


STREET. 


Coldbrook ... 
Pumping  Sta. 

Erie 

8.  Front 

4( 


Grand  River.. 
Huron. 
Livingston.... 
Lyon 


■•v-  «••*•«.  • 


•■•••«••■•••••• 


Mason 

«« 

Newberry 

«i 

Supply  Basin 


'      LOCATION. 


I 


Blow  off - 

Supply  Basin  to  Pump.  Ste 

Supply  Pipes 

Brancn  to  Pump,  Leitelt's.. 

••        ••  Brush  Factory 

"        "  Powers'  Pump... 

••  Star  Mills 

Canal  St  to  North  Front... 

Branch  to  Butterworth's 

Under  Reservoir  bank 

Blow  off 

Branch  to  Nelson  &  Matter 

Under  Reservoir  bank 

Ionia  to  River  waste 

Branch  to  Gomstock's — 


inlet. 


Carrier  Creek 
Coldbrook  " 
Branches  to  hydrants. 


ti 


XiSSTo-'r 


Cast 
Iron. 


8      1-1 
20  132-10 


Wt 
Iron. 


20 

72-1 

4 

IM) 

6 

1-1 

4 

1-1 

4 

1-1 

12 

1-2 

4 

80-« 

20 

77-8 

6 

24-0 

4 

42-0 

16 

109-0 

12 

2-8 

12 

7-0 

4 

32-7 

20 

63-6 

20 

68-6 

4 

12-2 

6 

428-0 

WYOKOFF 


784-0 


61-2 


44-5 

44-2 

55-10 

40-9 


Stave. 


1860-0 


108»-9: 


Total. 


62-8 

1992-10 

72-1 

19-0 

45-6 

45-8 

66-11 

825-11 

80^ 

77-8 

24-0 

42-0 

109-0 

1042-5 

7-0 

82-7 

68-6 

68-6 

12-2 

4284) 
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TOTAL  PIPE  LAID. 


20" 


16" 


U" 


12"         10" 


8" 


6" 


TOTAL. 


Cast  Iron 

Wrought  Iron.~. 

Wyckoff. 

Logs 

Stave 


681-^ 


1860-0 


268-1 


2419-1 


29-11 


5746  11 


9795-8 

784-0 

16607-8 


4867-9 


»«••••••••• 


4295-4 


9735-8 


■«••••••••« 


9962-0 


11843-9 

••••••••••a 

15154-7 
8181-7 


»•••««••■• 


7882-7  44564^ 
784-0 
7041-2  61126-9 


1141-0 


9322-7 
1860^ 


Total. 


2641-51  26a7-2|5776-10 


27087-4 


9163-1 


19697-8  36179-Uil5514-9:117647-9 


=  22.28  Miles. 


LOCATION  OP  HYDRANTS,  MAY  1,  1878. 

MATTHEWS   HYDRANTS. 


South  West  Cor.  of  E.  Bridge  and  Kent. 


u           u 

(( 

%i 

Canal. 

North  West 

Canal 

bb 

Erie. 

u           u 

(( 

k4 

Huron. 

kl           <.k 

4b 

44 

Lyon. 

ii           a 

44 

44 

Pearl. 

South  East 

Monroe 

44 

N.  Waterloo. 

((             u 

44 

4k 

Ottawa. 

(i            (( 

% «    « 

44 

bk 

N.  Ionia. 

fcC                k» 

44 

k4 

N.  Spring. 

North  West 

Ottawa 

44 

E.  Bridge. 

n,           u 

44 

44 

Hastings. 

U                 4k 

44 

h4 

Trowbridge. 

((                 .( 

44 

4i 

Fairbanks. 

South  West 

fc4 

44 

Newberry. 

Total, 

16. 

LUDLOW  HYDRANTS. 


North  West   Comer  of  Lyon  and   N.  Ionia. 

«        "  ^'  "       /'  •    N.  Division. 

North  East  ''  Ottawa  "     Fountain. 

Northwest  ''  *'        "      Pearl 

44         44  44  44        44      Ly^^ 

Bronson. 


ft( 


44 


44 


44 


4( 


a  a  u 

«C  4.  ((  €i 

(b  ((  fc( 

a  a  n 
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North  West   Comer  of  Cherry  and  Lagraye. 
West  side  Kent,  between  Lyon  and  Bronson. 

^^     Bronson  and  Bridge. 

Trowbridge  and  Fairbanks. 
'^     Fairbanks  and  Newberry. 
"     Newberry  and  Mason. 
North  side  Cherry,  at  Paris  Avenne. 
North  West  corner  of  Calder  and  Oakes. 

"         "         *'  Jefferson  Avenne  and  Wenham  Avenue. 

North  East       '^  Kent  Alley  and  Bronson  St. 

Total,  16. 

LO\A/^RY    HYDRANTS. 

Intersection  of  Calder  with   Island. 

Cherry     "      Union. 


"  "         "      James. 

"  "  "      Henry. 


"  "         "      S.  Spring. 

"  S.  Division  with  Wenham  Avenue. 

"  "  "    Blakely  Avenue. 

"  "  "    Pleasant  St. 

"  '"  "    Sycamore. 

"  "  "    Fith  Avenue. 

Jefferson  Avenue  with  Blakely  Avenue. 

La^ave  with  Goodrich. 

**     Wealthy  Avenue. 

Paris  Avenue  with  Buckeye  St.,  produced. 

"  Plainfield  Avenue  with  Carrier  St. 

t(  ii,  u  u     Page. 

u  u  u  u     (jrove. 

"     Caledonia. 
"  "  "  "     Quimby. 

'*  Summit  with  Goodrich. 

"         "    Wealthy  Avenue. 
Wealthy  Avenue  ^ith  Sheldon  St. 

44  44  U  4.         Cj^gg^ 

"  "         •'     S.  Lafeyette. 

"  "  "         "     GrandviUe  Avenue. 


44 
44 
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Intersection  of  West  Bridge 

with  Gold. 

i                                     U                it, 
I                                ii             U 
i                                («             it 

'*    W.*Broadway. 

"    Straight. 
^^    Indiana. 

'                Stocking  with  First. 
'                     "          "     Second. 

(                                              U                     CC 

Third. 

(                                          U                   (t 

Fourth. 

*                Barclay      " 

4                                              C(                      U 

E.  Bridge. 
Bronson. 

i                             a              u 

John. 

E.  Bridge  " 

N.  Ionia. 

N.  Division.                                           < 

i                                             ((                      CC 

Clinton. 

i                              a              it 

Livingston. 
Coit  Avenue* 

♦                E.  Bridge  " 
W.  Bridge  " 

t                                                <(                 Ci 

N.  Lafayette  St. 

Front. 

Scribner. 

«                                                  (t                  iC 

Turner. 

Broadway. 
Seward. 

i                                 a            a 

Jefferson. 

'                Broadway  '' 

C                                                     (4                   14 

First. 
Second. 

4                                                  44                  44 

Third. 

4                                     '               44                  44 

Fourth. 

(                                                  44                 44 

Fifth. 

4                                        ^           44                   44 

Sixth. 

4                                                     44                   U 

Seventh. 

4                                                     4b                  44 

'                 Bronson     " 

4                                                 4fc                       i4 
4                                                    44                        44 

Eighth. 

N.  Prospect. 

N.  College  Avenue. 

N.  Union. 

In  Bronson,  bet. 
Intersection  of  Canal  with  E. 

N.  Prospect  and  N.  College  Ave. 
Leonard. 

i 

'                     u        t.     Quimby. 

In        ^'     South  of  Barrel  Co. 's  Works. 
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In  Canal  North  of  Barrel  Co.'s  Works. 
''        "     bet.  Quimby  Street  and  North  limits. 
Intersection  of  Cherry  with   Summit. 

Calder. 


u 


(( 


u 


44 

44 
44 

Almy. 
S.  Ionia. 

i( 

44 

44 

Luce. 

u 

4( 

44 
44 
44 

44 

44 
44 

S.  Lafayette. 
S.  Prospect. 
Madison  Avenue. 

it 
li 
U 

44 

Clinton 

»4 
4» 

fc4 
44 
44 
44 

S.  College  Avenue. 
Hastings. 
Trowbridge. 
Fairbanks. 

14 

Coit  Ave. 
N.  Division 

44 
44 

Trowbridge. 
Bronson. 

H 

44 

44 

Pearl. 

fcb 

44 

44 

Fountain. 

(( 

44 

44 

Park. 

fci 

U 

44 

E.  Fulton. 

i  I 

S.  Division 

44 

Island. 

(C 

44 

%^ 

Oakes. 

4fr 
44 
44 

44 
44 
44 

Cherry. 

Maple. 

Goodrich. 

4( 

"           "      Wealthy  Avenue. 
Eighth  with  Turner. 
•*         "     Scribner. 

44                   44 

N.  Front. 

(( 

Fifth      " 

Seward. 

In  Fifth,  bet.  Seward  and  Broadway. 
Intersection  of  Fountain  with  Bostwick. 

(( 

4«                  44 

Ransom. 

t4 

44                   44 
»4                  i4 
«4                  44 
44                  44 
44                  44 

»                    £^M 

Barclay. 

N.  Lafiiyette. 

N.  Prospect. 

N.  College  Avenue. 

N.  Union. 
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Intersection  of  Fountain  with  Grand  Avenue. 

' 

In  Fountain  between  N.  Prospect  and  N.  College  Ave 

Interaection  of  S.  Front  with  ^Bowery. 

■ 

(C 

44 

44 

''   Valley. 

(4 

44 

44 

"   Allen. 

• 

.        *' 

44 

44 

"  Shawmut  Avenue. 

• 

U 

(4 

E.  Fulton 

"   Sheldon. 

u 

44 

44 

'^   Ransom. 

a 

44 

44 

'*   Barclay. 

m 

a 

44 

44 

"   Lafayette. 

• 

a 

44 

U 

"  Prospect. 

u 

44 

Hastings 

"   Clancy. 

a 

44 

44 

"   Coit  Avenue. 

u 

44 

44 

"   Livingston. 

it 

(4 

N.  Ionia 

''   Pearl. 

u 

44 

44 

''   Fountain. 

u 

" 

44 

*'   Louis. 

u 

44 

44 

"   E.  Fulton. 

a 

44 

S.  Ionia 

"   Island. 

44 

44 

44 

*' .  Oakes. 

4. 

4fc 

1 

Jefferson  Avenue  with  Island  St. 

44 

44 

44 

't         ''     Oakes. 

44 

44 

44 

"         "     Cherry. 

44 

44 

44 

"         *'     Maple. 

44 

44 

44 

"         "     Goodrich. 

44 

U 

44 

• 

44         .4     Wealthy  Avenue. 

44 

44 

Jefferson  St 

..  with  Bowery. 

•         44 

44 

44 

"   Chattam. 

44 

44 

44 

■ 

"   Jackson. 

• 

44 

44 

44 

"   Sibley. 

- 

44 

(4 

44       • 

''   Shawmut. 

44 

44 

Kent 

"   Bronson. 

1 

44 

44 

44. 

"  Lyon. 

1 

44 

44 

44 

^'   Hastings. 

1 
1 
1 

44 

44 

44 

'*   Trowbridge. 

1 

44 

44 

44 

"   Fairbanks. 

! 

44 

fc4 

44 

"  Newberry. 

44 

44 

S.  Lafayette     ''    Washington. 
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Intersection  of  N.  Lafayette 

1  with  John. 

(( 

44 

44 

"   Bronson. 

a 

44 

Lagravc 

) 

"   Island. 

iC 

44 

44 

"   Oakfts. 

(( 

44 

44 

"   Maple. 

C( 

4*4 

Livingston 

"   Trowbridge. 

(( 

44 

44 

''   Fairbanks. 

(i 

44 

4. 

"   Newberry. 

IC 

44 

Louis 

'*  Campau. 

« 

t( 

44 

E.  Leonard 

"   N.  Ionia,  produced. 

(i 

44 

44 

"   Taylor. 

4b 

44 

44 

^^   Plainfield  Avenue. 

(4 

44 

Lyon 

"   Bostwick. 

44 

4b 

44 

'^   Ransom. 

44 

44 

(4 

"   Barclay. 

44 

44 

b4 

"   N.  Laftyette. 

k4 

44 

44 

"   N.  Prospect. 

44 

44 

44 

"  N.  College  Avenue. 

In  Lyon  between  N.  Prospect  and  N.  College  Ave. 

Intersection  of  Mason  with  N.  Ionia. 

44 

44 

44 

44 

Kent. 

44 

44 

44 

44 

Canal. 

44 

4C 

Ottawa 

44 

Mason. 

44 

44 

44 

44 

Walbridge. 

•  4 

44 

44 

44 

Coldbrook. 

44 

• 

44 

Pearl 

44 

Campau. 

44 

44 

44 

44 

Arcade. 

44 

44 

Ransom 

U 

Bronson. 

44 

44 

44 

44 

Park. 

4< 

(4 

Scribncr 

(4 

First. 

44 

44 

44 

44 

Second. 

44 

44 

• 

44 

44 

Third. 

44 

ic 

44 

44 

Fourth. 

44' 

44 

44 

44 

Fifth. 

44 

44 

44 

44 

Sixth. 

U 

(4 

44 

44 

Tenth. 

44 

44 

44 

44 

Eleventh. 

(( 

(( 
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Intersection  of  Scribner  with  Twelfth. 

"  "        ''        "    W.  Leonard. 

"  "        *'         "    Crosby. 

"  "         "        "    Myrtle. 

"  ''         "         "    Webster. 

"  "  Shawmnt  Avenue  with  Court. 

"  "  "  "       ''     Mt.  Vernon. 

^'  "  "  ''       "     W.  Division. 

''  "  Sheldon  with   Island. 

"  "        "  "      Oakes. 

"  Sunftner     ''      Bowery. 
"         "         "      Allen. 

"  "         ''  '*      Shawmut  Avenue. 

"  "        "         "     G.  R.  &  I.  R.  R. 

"  "  Summit     "      Willii^ms. 

"  ''         *'  "      Bartlett. 

"  "  Third         '*      Alabama. 

''  ''      ^'  "      Seward. 

**  *'  Washington  with  S.  Prospect. 

''  "  ''  **'    Madison  Avenue. 

"  *'  *'  ''    S.  College  Avenue. 

*'  "  N.  Waterloo     "    Louis. 

u  u  a  it    Ferry.  / 

"  "  "  "    E.  Fulton. 

"  "  Winter  with  Allen. 

"  "         "         ''   Shawmut. 

In  center  of  Section  8,  Campau  Flat. 

Total,  204. 
Mathews,  16  ;  Ludlow,  16  ;  Lowry,  203.— Total,  234. 

LOWRT  HYDRANT  BASES. 

Intersection   of  E.   Bridge  with  Bostwick. 

'*  "  Ransom. 

W.  Bridge  "  Alabama. 

"  Canal  ''  Le  Grand. 

''  "  "  the  force  main. 

"  Clinton  "  Mason. 

*'  N.  Division  "  Lyon. 
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Intersection  of  S.  Lafavette  with  Monroe. 


S.  Front 
E.  Fulton 


kfc 


(4 


(4 


44 


(4 


4( 


44 


44 


S.  Lafayette  " 

Lyon 

Mason 

Pearl 

Scribner 

Summer 

Total,  19. 


44 


44 


44 


44 


44 


branch  to  Powers  Mill. 

E.  Park  Place. 

W.  Park  Place. 

Lagrave. 

Jefferson  Avenue. 

State. 

Kent  Alley. 

branch  to  old  pump. 

Ledyard  Alley. 

Ninth. 

Valley. 
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LIST  OP  STOP  VALVES —May  1st,  1878. 


STREET. 


LOCATION. 


Barday. 

(I 


<4 


Bostwick 

E.  Bridge 


(I 


W.  Bridge. 


Broadway 


Bronson  ~. 


Calder~ 
Canal 


«< 


Cherry. 


Clancy..... 
Clinton ... 
Colt  Ave. 


N.  Division. 
8.  Division... 


it 
II 


Eighth. 


Erie 

PiOh 

Fountain 

It 


ti 

8.  Front.-. 
II 


ti 
E.  Fulton. 


N.  Ionia.. 


Jeflbrson  Ave. 


II 
It 


Jefflsnon  St. 


Kent  Alley. 
Kent  St 


South  line  of  E.  Bridge 

"  Lyon 

"  E.  Fulton 

"  Lyon 

"  N.  Division.... 

"  Coit  Avenue. 

"  Barclay 

"  Front 

"  Summer 

"  Indiana. 

"  Broadway.,  r... 

*'  Stocking 

"  W.  Bridge-.... 

"  Eighth 

••  NTLafayette... 

"  N.  Union 

"  Cherry 

"  Lyon 

"  E.  Bridge 

At  Pumping  Station 

North  line  of  E.  Leonard.... 

limits  of  City 

line  of  Summit ~. 

8.  Lafayette.... 


North 
II 

South 
West 

u 

East 
ti 

ft 

If 

West 

•4 

North 

South 

East 

West 

North 

South 


II 


II 
«i 
It 
t< 
II 
ii 
II 
i< 
t« 
<( 
t< 
it 
tt 
it 
<t 
<i 
It 


East 
West 
East 
West 


•I 
tt 
II 


North 
i» 

II 

.1 

South 
II 

It 

It 

North 
South 
North 


College  Avenue.... 

Henry  Street - 

8.  Division 

E.  Bridge 

E.  Bridge 

E.  Bridge 

Hastings 

E.  Bridge 

Lyon 

E.  Fulton 

Cherry 

Wealthy  Atenue.. 


West 
East 


ti 
ti 


Second  Avenue 

Fifth  Avenue 

Scribner 

NortU  Front.... 

On  branch  to  Leitelf  sShop 

West   line  of  Broadway 

East         "     N.  Division 

"     N.  Lafayette 

"  •'     N.  College  Avenue 

South       ••     W.  Bridge 

On  Branch  to  Brush  Factory 

Powers'  Mill 

"      Star  Mills - 

East    line  of  Division  Street- 


West 

East 

West 

South 
II 

North 
South 
North 


it 
ti 


Lafayette. 

Monroe, 
ti 


II 
ti 
It 
it 
It 


Wealthy  Avenue.. 

E.  Fultou 

Wealthy  Avenue- 
W.  Bridge  Street.. 
Shawmut  Avenue. 
Lyon 


E.  Bridge. 


N.-I*fcyette. 
Lagrave.~ 


II 
it 


B.  Leonard.. 
Livingston  . 
Lyon 


I  South 

North 

South 

North 

South 

North 

South 
•I 

East 

Foot  of  Reservoir  bank. 

West  line  of  Ottawa. 


ii 
It 
It 
it 


Mason 

E.  Fulton 

Lyon 

Wealthy  Avenue. 

E.  Fulton 

Cherry 

Canal. 


PATTSBK. 


Lowry 

Flowers 

Eddy 
it 

Lowry 
11 

Eddy 

Lowry 
ti 

Eddy 
Lowry 


it 

Flowers 


Eddy 

Ludlow 
<i 

Lowry 

it 

I. 

Eddy 

Lowry 

Eddy 


Flowen 

Eddy 

Lowry 

Flowen 

Lowry 


Eddy 


it 

Lowry 
it 

Ludlow 

Lowry 

Eddy 

Flowers 
ti 

Lowry 


it 
«t 


Eddy 

Lowry 
<> 

ii 
Eddy 


Lowry 
Eddy 

Lowry 

it 

Eddy 


Lowry 


I   SIZE. 

■inches 

I      14 

4 

4 

4 

I      12 

12 

10 

12 

12 

12 

12 

12 

12 

12 

6 

6 

6 

10 

10 

12 

8 

6 

8 

8 

8 

8 

8 

8 

6 

6 

14 

6 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

4 

6 

4 

6 

6 

6 

6 

4 

4 

10 

10 

6 

6 

6 

6 

6 

4 

6 

4 

6 

6 

6 

8 

8 

6 

6 

6 

12 

20 

10 
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LIST  OP  STOP  VALVES.— May  1st,  1878. 


STREET. 


LOCATION. 


PATTERN. 


SIZE. 

Iiiches 


Lyon 


N.  Lafliyette. 


Mason 


West    line  of  N.  Division 
[East         "  '* 

jWest 
lEast 

Foot  of  Reservoir  bank 

East    line  of  Ionia  on  Waste 

"     Ottawa  Street ~.... 


Monroe. 

u 

Ottawa.. 
•• 

(t 

<• 

<• 


Paris  Ave. 
Pearl  St.... 


••■*•■••»•• 


West 


(i 


I* 

14 


Plainfleld  Ave.. 
II 

N.  Prospect 


Ransom 


Scrlbner^ 


Shawmut  Ave.. 


•« 
•« 


Sheldon.... 
Stocking... 
Summer... 


North 
South 
North 
South 
North 
South 


•« 
t« 
I. 
i( 

•  4 
41 
<1 


Canal  Street. 
N.  Division... 

Ottawa. 

Monroe 

E.  Bridge 


Newberry 

Mason 

Coldbrook 

On  connection  with  Comstock's  Pipe. 
South  line  of  Cherry  Street 


West 


44 
•  4 
i< 

•4 
(4 
14 
44 


E.  Fulton... 
£.  Bridge... 
W.  Bridge.. 
Eighth 


W.  Leonard 


Summit.. 


Stocking 

Third 

Washington  ~. 


N.Waterloo t   .. 

Wealthy  Ave 


it 

44 
tt 
•  I 


8.  Front.... 
Summer.... 
Jefferson  .. 
E.  Fulton.. 
W.  Bridge 


Winter 

Pumping  Station. 


Setting  Basin. 


North 

South 

North 

South 
<• 

North 

South 

North 

South 

North 

South 

North 

West 

East 

4. 

South 

North 

South 

North 

South 

North 

South 

West 
li 

East 

South 

East 

West 

East 

•  4 

North 

North  end  Supply  Pipe. 

South       "  " 

On  Branch  to  Well 

On  Carrier  Creek  Inlet . 

On  Coldbrook  " 

*0n  Outlet 


N.  Division 

Ottawa 

Canal 

E.  Leonard 

Madison  Street. 

E.  Fulton 

Lyon  Street 


<4 
41 
44 


Shawmut  Avenue...... ~ 

Cherry — 

Wealuiy  Avenue ~.... 

Fourth  Street .-. 

Broadway 

8.  Collie  Avenue 

S.Lafayette 

Monroe 

S.  Division 

Jeflferson  Avenue 


Grandville  Avenue. 
Shawmut  Avenue.... 


Lowry 


41 
II 


Eddy 
Lowry 


<i 


14 


Ludlow 
(I 


It 
1. 


II 


Lowry 

Ludlow 

Eddy 

Lowry 

14 

41 

Eddy 


14 
II 


Flowers 
Eddy 

44 

Flowers 

Lowry 
II 

II 

II 

II 

Ludlow 

Flowers 

Lowry 

Eddy 
11 

Lowry 
Eddy 


Lowry 

Eddy 
II 

Lowry 
Eddy 


Lowry 

II 

I. 

Eddy 

ii 

II 


10 

10 

10 

14 

16 

12 

16 

12 

12 

12 

10 

12 

12 

12 

12 

16 

16 

4 

6 

6 

6 

6 

8 

8 

6 

6 

4 

4 

4 

6 

6 

8 

8 

8 

6 

6 

6 

6 

8 

4 

4 

8 

8 

8 

4 

4 

4 

8 

10 

10 

10 

8 

4 

20 

20 

20 

20 

20 

20 


Total,  132. 

LOCATION  OP  SAPEfTT  VALVES. 

On  Lyon  Street,  24  feet  east  of  Dock. 
On  Allen  Street,  at  Tail  Race. 


Collector's  Report. 

Office  of  the  Board  op  Public  Works, 
Grand  Rapids,  Mich.,  May  1st,  1878. 

To  the  HonorahU  the  Board  of  Public  Works  of  the  (My  of 
Grand  Rapids : 

Gentlemen  : — I  respectfully  present  the  following  report 
for  the^ear  ending  April  30th,  1878. 

The  number  of  services  on  the  1st  of  May,  1877, 

for  which 'permits  were  issued,  were  .      .  597 

Taps  granted  without  permits,  ...  13 

Private  mains  connected  with  works,       .  .    *  15 


Total,  ....         625 

Number  of  services  put  in  the  past  year,  .  94 

For  all  but  one  permits  were  issued. 


Total  number  of  connections  on  May  1st,  1878,  .     719 

Number  of  services  now  c'ut  off,     ...  68 


Number  of  services  now  open,  .  .     651 

The  receipts  for  the  past  year  have  been  considerably  more 
than  was  estimated,  owing  largely  to  the  prompt  payment 
of  assessments,  and  to  the  fact  that  one-half  the  annual  rate 
for  sprinklers  and  fountains  was  for  the  first  time  collected 
during  the  past  month. 

The  receipts  at  this  office  for  the  year  have  been  as  follows  : 

From  Water  Rates,  $14,634.14 

"         '•      Permits,  .  .  .  473.23 


Total  income  from  Water  Works,  $15,107.37 

There  has  also  been  rebeived : 

From  Farrineton  &  Branch,  for  Repairs,  .  45.33 

'^     H.  £.  Thompson,  for  pipe  laid  in  Fountain  St.  44.27 

"     Sewer  Permits,  .  .  34.50 


Total  receipts  for  the  year,  $15,231.47 
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Deposits  have  been  made  with  the  City  Treasurer  during 
the  year  as  follows : 

To  the  credit  of  Water  Works  Income  Fund,         $14,979.80 
"    '*     '•       ''  Ist  District  Sewer  Fund,  36.00 

"    "     "  ,    *'  2d         "  "         ''        .  6.00 


Total  deposits  during  the  year,             .    . 

15,021.80 

Gash  on  hand  to  balance, 

• 

209.6T 

J15.231.4T 

Receipts  previous  to  May  1st,  1877  : 

From  Water  Rates, 

$16,79.6.36 

"        "       Permits,     . 

.       2,988.00 

"     Sewer       ''               ... 

196.50 

^^     Carter  &  Sullivan,  account  Iron  pipe, 

97.62 

*'     G.  R.  Gas  Co.  4  inch  Valve, 

30.00 

*'     G.  R.  &  I.  R.  R.  Co.,  Pipe, 

50.70 

*'     Farrington  &  Branch,  Repairs, 

86,58 

Total, 

$20,245.75 

• 

Receipts  for  the  past  year, 

16,281.47 

Total  receipts  to  date,  ^5.477.22 


Deposits  made  previous  to  May  1st,  1877 : 

To  the  credit  of  Water  Works  Income  Fund,       $19,980.85 

Fund,         .  264.90 


Total,         ....  20,245.75 

Deposits  made  the  past  year,                         .  15,021.80 

Cash  on  hand  to  balance,                         .             .  209.67 

Total,   ....  J35,477.22 
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STATEMENT  OF  FiXPENDITUBES, 

May  1st,  1877,  to  May  1st,  1878. 

CONSTRUCTION  OF  WATER  WORKS. 

1.    PiPB  System. 

Freight,         .     '     '  .                         .  J    87.80 

Repairs,  .4.11 

Pipe,              ....  340.56 

Pipe,  (Farrington  &  Branch  contract,)  182.00 

Pipe  and  Laying,  (Temple  Judgment,)  1,350.00 

Trip  to  Bay  City,^(Temple  suit,)         .  16.12 
Cartage,             ....        2.00     $1882.59 


2.     Settling  Basin  and  Supply  Pipe. 

Wire  Screens,  •      ?  12.00 

Carpenter  Work,  12.94 

P.  Grangers'  Claim,  100.00        $124.94 


3.     Pumping  House  Grounds. 
Filling  Grounds,  ....  $70.95 

4.     Pumping  Machinery. 

Labor  on  Boiler,  .    $     10.00 

Repairs  and  Supplies,  (Pump,)  105.62 

New  Boiler,  .  .  .     3,360.50     $3,476.12 


5.     Printing  and  Advertising. 

« 

Advertising,  $  8.16 


Total  amount  paid  on  construction,     .  5,562.76 

Paid  previous  to  May  Ist,  1877,  385,062.07 


Total  paid  for  construction  to  date,     .  .      $390,624.83 
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MAINTENANCE  AND  OPERATION  OF 

WATER  WORKS. 

1.    Pumping. 


Salary  Engineer, 

'^      Annistant  Engineer, 
Fireman 
Fuel,     .... 
Repairs  to  Pumping  Machinery, 
"       Boiler, 

"       Arches,     . 
'^       Engine  House, 
Supplies,  (oils,  packing,  etc.,) 

• 

• 
• 

• 
• 

• 
• 

• 
• 

ING. 

■ 
• 

• 
■ 

• 

EPAIRS. 

• 
V 

$  8.41 
26.61 

$     760.60 

720.60 

647.60 

,   2,002.70 

126.46 

236.06 

28.00 

14.66 

246.71 

2.     Office  and  Colleot 

Salary,  Collector, 

"      Asst.  Collector,  (8  months,) 
Printing  and  Advertising, 
Stamps  and  Stationery,    . 
Freight  and  Telegraph, 

$4,672.08 

$675.00 

312.00 

67.02 

43.09 

31.12 

3.     Superintendence  and  R 
Salary  Superintendent, 

REPAIRS. 
1.      IRON    PIPE. 

Labor,              .... 
Material, 

$1,118.23 
$772.60 

34.92 

2.       WYCKOFF    PIPE. 

Labor,              .             .             .             .• 
Material, 

$79.24 
19.64 

98.88 

3.'      PUMP   LOGS. 

Labor,              .... 
Material, 

$16.77 
38.46 

66.22 

4.      SUPPLY   PIPE. 

Labor,              .... 
Material, 

$36.93 
7.60 

43.63 

Carried  forward, 

$1,006.05 
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Brought  forward, 

6.      VALVES. 

Labor,              .... 
Material,                ... 

$12.25 
11.65 

$1,005.05 
23.90 

• 

155.99 

82.79 

5.88 
10.25 

107.56 

6.      HYDRANTS. 

Labor,              .             .             a             . 
Material, 

$61.28 
94.71 

7.      METERS. 

Labor,              .... 
Material, 

$46.32 
36.47 

8.      RESERVOIR. 

Labor,              .... 

9.  SETTLING   BASIN. 

Labor, 

10.  SUPPLIES,    ETC. 

Tools,               .... 

Tapping  Material, 

Blowing  Off, 

Fitting  up  Shop, 

Engineering, 

• 
• 

$60.48 

2.17 

20.28 

20.63 

4.00 

RECAPITULATK 
Pumping,         .... 
Office  and  Collecting, 
Superintendence  and  Repairs, 

3N. 

• 

• 

• 

• 

• 
• 

1,391.42 

$  4,672.08 
1,118.23 
1,391.42 

Total  paid  for  maintenance  and  operation. 
Paid  previous  to  May  1st,  1877, 

7,181.73 
26,604.06 

Total  paid  to  date, 

Income  from  the  Works  for  the  year,    . 
Cost  of  maintenance  and  operation, 

• 

$33,785.79 

$15,107.37 
7,181.73 

Excess  of  receipts  over  expenditures.      .  .      $7, 925.64 

The  cost  of  repairs  to  Wyckoff  pipe  is  to  be  paid  by  Farrington 
&  Branch,  contractors,  who  laid  this  pipe  in  1874  and  1875, 
and  under  the  conditions  of  both  contracts,  are  to  keep  the 
pipe  in  repair  for  five  years. 

Respectfully  submitted, 

FRED  A.  TWAMLEY,  Collector. 
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STATEMENT 
Showing  the  uses  for  which  water  is  now  supplied. 

Bakeries, 4 

Butcher  Shops,  -        -         -        ---        -8 

Breweries, -  6 

Bottling  Works, 5 

Blacksmith  Shops, 8 

Boarding  Houses,       - 9 

Barber  Shops  and  Baths, 9 

Banks, 6 

Boilers, 17 

Book  Binderies, 2 

Building  Purposes, 8 

Churches, 8 

Dwellings,     .        -         - 210 

Dye  Houses, .--2 

Families  in  Blocks, 166 

Fountains,  (Stationary  and  Portable,)           -        -         -  35 

Fire  Protection,     --^----  16 

Fire  Engine  Houses, 6 

Green  Houses, 2 

Hospitals,          -                 2 

Hotels,          -. 6 

Halls,       -                 5 

Jail, 1 

Laundries, 2 

Library,        --------  1 

Manufactories, 17 

Motor,           --. 1 

Machine  Shops  and  Foundries, 3 

Offices, 97 

Photograph  Galleries, 7 

Printing  Offices,     -        - 7 

Post  Office,        --------  1 

Restrauants, 7 

Steam  Engines, 11 

Stores,          -         . 108 

Street  and  Lawn  Sprinklers,       .         -         -         -        .  389 

Saloons,        - 36 

Schools,  (Public,) 4 

Schools,  (Private,) 1 

Stables,  (Public,)' 21 

Stables,  (Private,) 46 

Watering  Troughs 6 
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STAT] 

Showing  number  of  fiztares  connected  with  the  Works. 


Bath  Tubs,        ...        - 
Water  Closets,      .        -        -        - 
Set  Wash  Basins, 

Sinks, 

Urinals,  .        .        -        . 

Fountains,  (Stationary,) 

Private  Hydrants  and  Hose  Connections,  619 

Draw  Cocks,        -  *       - 

Stationary  Wash  Tubs, 

Boiler  Connections, 

Tank  Connections, 


^0^^ 

SinoeUaT 
lat,1877. 

Total 
to  date 

■     49 

20 

69 

489 

108 

542 

116 

27 

143 

394 

79 

473 

82 

24 

106 

18 

2 

20 

8,  619 

128 

747 

57 

23 

80 

17 

17 

18 

7 

25 

10 

1 

11 

Kngineer's  Report. 


Grand  Rapids  Michigan,  Mat  1,  1878. 

To  the  HonarahU  the  Board  of  Public   Works  of  the  City 
of  Ghrand  Rapids. 

Gentlemen — I  submit  herewith  my  annnal  report  of  the 
work  done  by  the  pnmping  engine  for  the  year  ending  April 
30,  1878. 

The  engine  has  been  running  on  322  days,  making  a  total 
of  time  run,  2,282  hours  and  45  minutes,  against  2,807  hours 
and  55  minutes  run  the  year  previous. 

The  total  number  of  revolutions  made  was  2,567,671, 
against  2,379,243  the  year  previous.  The  new  boiler  put  in 
during  the  year  gives  good  results. 

The  following  table  shows  the  number  of  days  run  for  each 
month,  the  number  of  revolutions  made,  gallons  of  water 
pumpe<l,  and  the  amount  of  wood  burned. 

The  estimated  quantity  of  water  pumped  per  revolution  is 
97.82  gallons. 
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STAT] 

Of  work  done  by   Pumping  Engine  for  the  year  ending 

April  30th,  1878. 


Cords  of 
Wood 
used. 


MONTH. 


May,.. 

June 

July,. 

AuguBt, 

September, m..  . 

October... 

November, 

December, 

January 

February........... 

March, 

April 


27 
27 
29 
30 
25 
27 
27 
27 
27 
24 
26 
26 


TIME, 
H.        M. 


No.  Of 

REVLUT'NS 


201-65 
198-4D 
218-20 
205-15 
17S^-10 
174-45 
180-20 
179-65 
197-46 
173-40 
179-50 
198-10 


206,901 

211,298 

238,427 

285,434 

2p7,771 

203,654 

200,800 

203,063 

224,613 

201.928 

206,450  I 

230,432   ' 


Galls.  Water 
Pumped. 


19,945,596 
20,669,170 
23,322,930 
28,060,154 
20,324,159 
19,921,434 
19,642,256 
19,863,622 
21.961.861 
19,752,597 
20,194,939 
22,540,858 


96.5 

95. 
102. 
104. 

88. 

88. 
100. 

91.  . 
107,5 

99. 

90. 

96.5 


Cost  Of 
wood  used 


8143.25 
142.50 
153.00 
156.00 
132.00 
132.00 
150.00 
136.50 
161.25 
lS8w60 
126.00 
143.70 


Totals, ~. 


»22 


2,282-15      2,567,671       251.169.675 


1,156.6      ?J1,704.80 


Average  daily  consumption,  688,136  gallons.      Average 
daily   consumption   for  each   service,   1,147  gallons. 


k( 
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The  running  expenses  for  the  year  have  been  : 

For  Salaries,  .... 

Fuel,  ..... 

Repairs,  .... 

"    Oil,  &c.,  ..... 

Total, 

Average  height  of  lift  of  water,   exclusive  of 
friction  in  pump  and  force  main, 


82,018.50 

1,704.80 

404.17 

113.95 

$4,241.42 
150  feet. 


Total  cost  uf  raising  one  million  gallons  into  reservoir,     $16.88 

"      "  ':         ''       '"  "     1  foot  high,  0.11.25-100 

Costof  fuel  for  raising  1    **  '•  into  reservoir,  6.78 

''     1  foot  high,    .04.52-100 


(4  fck 


fc«         (< 


31 


The  performance  of  the  engine  is  satisfactory.  Dnring  the 
month  of  April  a  duty  trial  of  the  machinery  was  made  by  the 
City  Surveyor,  the  duty  developed  being  25,488,975  pounds 
raised  one  foot  high  for  every  hundred  pounds  of  pine  slabs 
used.  Assuming  that  two  and  one-half  pounds  of  the  fuel 
equals  one  pound  of  Anthracite  coal,  the  duty  becomes 
63,709,938  pounds  raised  one  foot  for  each  hundred  pounds 
of  coal. 

The  completion  of  the  duplicate  engine  now  in  process  of 
construction,  and  connection  with  the  one  now  in  use,  will 
furnish  means  for  obtaining  still  greater  results,  as  well  as 
much  greater  security  from  accidents  which  might  endanger 
the  water  supply. 

Annexed  is  a  schedule  of  tools  and  material  on  hand  at  the 
pumping  station. 

Respectfully  submitted, 

DEMETRIUS  TURNER, 

Engineer  of  Pumping  Machinery. 


Inventory  of  Stock  and  Tools  on  hand  at  Pump- 
ing Station  May  1st,  1878. 

FUEL. 

195  cords  of  Hard  Wood,  682  cords  Pine  Slabs, 

1.500  lbs.  Coal. 

OIL. 


20  gallons  Cylinder, 
2  gallons  Lard, 

'•                          •                           • 
•                           •                           •                          • 

.     «26.00 
2.00 

2  gallons  Kerosene. 

•                          ■                          • 
•                          •                          ■ 

.70 

Total, 

$27.70 

TOOLS,  &c. 

1  IJ  Auger, 
4  small  Bits, 
1  Packing  Hook, 

6  Cold  Chisels, 

6  Files, 

1  1-galIon  Jug, 
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TOOLS,  Etc., — Continued. 
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8  Air  Famp  Valves, 
3  lbs  Rubber  Packing, 

2  lbs  Piston  Packing, 

3  lbs  Hemp  Packing, 
5  lbs  Rope, 

10  lbs  nails, 

20  lbs  Old  Brass, 

1  Steam  Gauge, 

4  Glass  Tubes  for  air  chamber 

1  Glass  Tube  for  boiler, 
4  Springs  for  pump. 

4  Springs  for  air  chamber, 
3  ^inch  Pet  Cocks, 

5  lbs.  Waste, 

3  2J-inch  Globe  ValVes, 

2  2.inch 

3  1i  ** 
8  1J  " 
21 
2  f 
2  1-inch  Check  Valve, 

2  1i^' 
2|  ^' 
1  2J  ''  Brass  Coupling, 

3  f    **  Iron 

6  1-inch  Plugs, 

4  I    '^     Elbows, 
12^^ 

I  2J-inch  Flanges, 

3  2|    -^     Tees, 

4  2|    "     Flanges, 
1  12.ft.  Eye  Bolt, 

1  bushel  old  Bolts, 

2  2-gallon  Oil  Cans, 
2  5      " 
2  10    " 
21 

2  l-qt. 

3  1-pt. 

2  Squirt  Cans, 
2  Spittoons, 

4  yards  Canvas, 


a 


(. 


ik 


bfc 


(i 


(( 


(fc 


(( 
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1  Vise, 

4  Water  Pails, 
1  Step  Ladder, 
6  Chairs, 

1  Dust  Pan, 
1  Stove  Shovel, 

1  Stove  and  Pipe, 

2  Hand  Lamps, 

5  Wall  Lamps, 

1  Brass  Oil  Pan, 

1  Stove  Poker  and  Hook, 

2  long  Valve  Wrenches, 
1  large  Socket  Wrench, 
4  long         '*     Wrenches, 

1  short        ''     Wrench, 
12  Spanners, 

2  large  Monkey  Wrenches, 
4  small 

2  Door  Mats, 
2  long  Ladders, 

1  short  Ladder, 

25  feet  of  1-inch  Hose, 
90      -      2J-inch    ^' 

2  Scoop  Shovels, 

2  long-handl^i  Shovels, 
1  common  Hoe, 

1  Fire  Hoe, 

2  Fire  Hooks, 

2  long  Fire  Hooks, 
1  Flue  Brush, 
1  Boiler  Scraper, 
1  Sledge, 

1  Rake, 

2  Pokers, 

1  long  Boiler  Chisel, 

1  Hand  Saw, 

1  Pick, 

1  Barrow, 

1  IJ-inch  Hose  Nozzle, 

1  ^-inch        ''         " 

1  Hatchet, 

1  Lantern, 

1  Brace, 
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GAS  PIPE. 

22  feet  2i-inch. 

16  feet  1^-inch, 

8      "     l-inch, 

14    "   l}-inch, 

6      '*     i-inch, 

18    ''   2f-inch, 

14  feet  1-inch. 

INYENTORY   OP 

TOOLS  AT  SHOP. 

20-inch  Pipe,  2  sectionfl, 

2  8-inch  Valve  Stems, 

16-inch     ' 

'      5 

2  6-inch       "         " 

12-inch     ' 

'     15      '^ 

3  4-inch       "         « 

12-inch     ' 

'     8  11-feet  s^.. 

1  12  X  6  T, 

12-inch     ' 

'     2  10-feet    " 

1  10  X  6  T, 

12-inch     ' 

'     1  8-feet     " 

1  Iron  Lead-kettle, 

12-inch     * 

'     1  4-feet     " 

1  Ladder, 

8-inch       ' 

'      15  sections. 

1  10-inch  Hydrant  Extension, 

3-inch       ' 

'     5  5-feet  sec.. 

3  Wood  to  Iron  Nipples, 

6-inch       ' 

^     49  sections, 

500  feet  2-inch  Plank, 

6-inch       * 

*    .  2  8-feet  sec. 

3  i  Ball  &  Fitts  Piston  Meters, 

5-inch       ' 

'      1  4-feet     *' 

2     6             (4                   4(                   4(                     (( 

4-inch       * 

*     8  sectidns, 

2  2         a      '       a            (b              c( 

4-inch       ' 

'      2  5-feet  sec*, 

11"         "         ''      Rotary, 

Lot  of  old  Wyckoff  Pipe, 

4  Meter  Boxes, 

1  20-inch  Sleeve, 

1  Stove, 

1  12-inch      " 

1  Testing  Pump, 

2  10-inch      " 

3  Bands  for  Wood  Pipe, 

2  8-inch 

20  ft.  J-inch  Chain, 

8  6-inch 

2  Crow  Bars, 

6  4-inch        '' 

1}  Bunches  Shingles, 

4  Lowry  Hydrant  bases. 

1  10-inch  Wood  Plug, 

4  Valve  Frames  and  Covers, 

1  8-inoh         *'       '^ 

1  6-inch  Plug  for  Iron  Pipe, 

1  6-inch 

5  Ludlow  Hydrants  and  Frost2  Shovels, 

Oases, 

3  Picks, 

3  6-iuch   Elbows   for   Ludlowl  Snow-shovel, 

Hydrants, 

40  feet  Inch-rope, 

1  Hydrant  Frame  and  Cover, 

1  Portable  Derrick, 

1  20-inch  Flange  Valve, 

85  f  Bolts,  6  feet  long. 

1  6-incb  Hub  Valve, 

5  Rings  for  Pump  Logs, 

1  4-inch     '* 

4  Ludlow  Hydrant  Valves, 
12  Rubber   Valves  for  Lowry 

1  6-inch  Valve  Body, 

1  16-inch     "     Stem, 

Hydrant, 

2  14.irich     *      Stems, 

23  Rubber  Gaskets  for  Lowry 

2  12-inch     '' 

Hydrant, 

2  10-inch 

kk         fck 

1  Screw  Stem  for  Lowry  Hyd. 
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INVENTORY  OF  TOOLS  AT  SHOP. 


1  Lowry  Hydrant  complete, 
80  lbs.  20p  Nails, 
300  feet  2J.inch  Hose, 

2  Sledges, 
2  Hammers, 
2  Hardys, 

1  Axe, 
^  Lanterns, 

2  Lowry  Hydrant  Wrenches, 

4  Valve  Wrenches, 

2  Ludlow  Hydrant  Wrenches 
1  Stop  Cock  Box, 

1  Pump, 

1  Hydrant  Head, 

3  Hand  Saws, 

1  Cross  Cut  Saw, 
1  Work  Bench, 
1  Vise, 

5  Files, 

3  Cold  Chisels, 
9  Calking  Tools, 
1  Ratchet, 

1  Clamp, 

6  Drills, 

4  pair  Gas  Pipe  Tongs, 
1  pair  Pliers, 

1  Yarning  Tool, 

1  Stone  Drill, 

J  gross  No.  12  Screws, 

5  Valve  Nuts, 

2  Hydrant  Rods, 

2  Lowry  Hydrant  Valve  Seats 
1  Solder  Pot, 

1  75-foot 


1  Lifting  Hook, 
1  Scraper, 
1  Turn  Pin, 

1  Ladle, 

3  Hydrant  Valve  Cases, 

2  Grlands  for  Ludlow  Hydrant, 
1  Cap  for  Lowry  Hydrant, 

1  Scythe  Stone, 

3  Lead  Meter  Connections, 

1  Oil  Can, 

,1  J-gallon  Kerosene  Can, 
Lot  of  Gas  Pipe  Fittings, 

4  Hose  Connections, 

2  Paint  Brushes, 

1  Brace, 
8  Bits, 

2  Water  Pails, 
Lot  old  Bolts, 

"       Brass  and  Lead, 

2  Saw  Horses, 

3  Post  Hydrant  Wrenches, 
1  Stone  Hammer  Head, 

4  Meter  Connections, 
1  Hand-cart, 

1  pair  Rubber  Boots, 
1 1-inch  wood  Corporation  Cock 
39  f" 
95  I  *' 
72  J  '' 
10  i  ''    iron 
28  I  '' 
,22  I  " 
18  1  *' 
Tape  Line, 
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City  Surveyor's  Report. 


Crry  Surveyor's  Officb, 

Grand  Rapids,  Michigan,  May  1,  1878. 

To  the  Honorable  Mayor  dnd  Common  Council  of  the  City  of 
Grand  Rapids, 

Gbntlemen  : — I  submit  herewith  a  statement  of  such  im- 
provements as  have  been  carried  forward  the  past  year  under 
the  direction  of  the  Board  of  Public  Works. 

STREETS. 

The  following  table  shows  the  street  improvements  which 
have  been  completed,  together  with  the  cost  and  character  of 
the  improvement,  and  also  the  street  work  now  under  contract 
and  uncompleted : 
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The  total  length  of  the  streets  now  opened  in  the  city  is 
131.82  miles,  of  which  66.81  miles  are  unimproved,  and  65.01 
miles  improved. 

The  classification  of  the  improved  streets  is  as  follows : 

Graded  and  paved  with  wood,  -  -  0.15  miles 
Graded  and  paved  with  wood  and  stone,  -  -  2.92  ^* 
Graded  and  paved  with  stone,  ...  1.55  «« 
Graded,  gravelled  and  gatters  paved,  .  -  -  22.69  " 
Graded  and  gravelled,  ....  29.49  " 
Graded, 8.21 


Total  improved,  65.01 
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The  following  table  exhibits  the  size  and  length  of  each  de- 
scription of  sewer : 


BRICK. 

FIRE  CLAY 
PIPE. 

CEMENT 
PIPE. 

WOOD. 

nXB  IN  INCHn. 

LENOTH 
IK  FEET. 

8IZB. 

8IZB. 

18 

LKMGTH. 

RTZV. 

UOfOTB. 

l(y-4"x«'.2" 

858 

24 

858 

96 

8'x4' 

8981 

Kyxff 

106 

22 

867     ' 

12 

1701 

18"x24" 

1685 

6* 

2246 

20 

1178 

9 

518 

18x18 

860 

6'x6* 

U64 

18 

6780 

8 

370 

12x18 

834 

4'X6' 

2880 

15 

7178 

12x12 

974 

4(yxeo" 

712 

12 

17212 

36"xM** 

86 

9 

2810 

a6"x48" 

6117 

80"x45" 

848 

21XS6 

8887 

s 

22x88 

803 

24  X  80 

1544 

1 

20  X  80 

3614 

20x  24 

3551 

1 

18x27 

947 

1 

i 

1 

1 

18x24 

6411 

16x24 

8541 

1 

1 

1 

18 

1234 

Total  feet 

88048 
7i20 

i 

35878 

1 

6.70 

1 

2680 
0.50 

8274 

Total  miles 

1.67 

Total  of  all  kinds,  15.97  miles. 

The  increase  of  population,  and  consequent  increase  of  sew- 
age delivered  into  the  sewerage  system,  render  more  apparent 
the  necessity  of  guarding  against  the  evils  resulting  from  the 
passage  of  sewer  gas  through  imperfect  house  connections. 

Such  connections  are  often  made  in  the  most  improper  man- 
ner, either  from  motives  of  economy  or  lack  of  knowledge,  and 
often  sickness  and  even  death  result  in  consequence. 

The  remedy  lies  in  a  well  ventilated  sewerage  system,  and 
properly  constructed  house  connections. 
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These  should  always  be  put  in  under  such  regulations  and 
restrictions  imposed  by  municipal  authority  as  will  insure  the 
occupants  of  the  building  from  this  ever  present  danger. 

N.  B. — Since  the  above  was  written,  rules  and  regulations 
have  been  adopted  by  the  Board  of  Public  Works  in  reference 
to  tapping  sewers  and  laying  house  drains,  the  same  to  be  done 
by  licensed  drain  layers. 

CATCH  •  BASINS. 

Three  catch  basins  have  been  constructed  at  the  junction  of 
Jefferson  Avenue  and  Washington  Street,  and  connections 
made  with  the  Fulton  and  Washington  street  sewer.  These 
connections  are  provided  with  pipe  traps  which  prevent  the 
annoyance  and  danger  caused  by  the  escape  of  sewer  air.  The 
cost  of  this  work  was  J116.04. 

BELL   TOWER. 

A  bell  tower  has  been  constructed  on  the  city  lot,  corner  of 
Pearl  and  Ottawa  streets.  It  is  21  feet  6  inches  square  at 
the  base  and  14  feet  square  at  the  bell  deck,  which  is  about  68 
feet  above  the  Ottawa  street  pavement.  The  tower  is  an  open 
frame  structure,  built  of  made  beams  and  covered  with  a  tin 
roof. 

The  cost  was  $641.10. 

FIRST  WARD  ENGINE  HOUSE. 

An  Engine  House  has  been  constructed  on  the  corner  of 
Summit  street  and  Grandville  Avenue  in  the  First  ward,  the 
plans  for  which  were  made  for  the  City  Surveyor  by  Robinson 
&  Bamaby,  architects  of  this  city.  The  building  is  of  whit« 
brick  with  stone  and  red  brick  trimmings. 

An  ornamented  tower  rises  from  one  corner  of  the  front, 
adding  much  to  the  fine  appearance  of  the  structure. 

The, building  is  30  x  65  feet  on  the  ground,  has  stalls  for 
three  horses,  ample  room  for  fire  apparatus,  and  large  hall  and 
hay-loft  room  on  second  floor. 

The  cost  of  construction  was  $2830.48,  not  including  super- 
intendence. 
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Owing  to  lack  of  funds,  the  plastering  of  the  building  was 
not  embraced  in  the  contract  for  construction.  Shortly  be- 
fore the  completion  of  the  contract  a  further  appropriation  was 
made  by  the  Common  Council  for  the  plastering  and  painting, 
following  which  a  contract  has  been  awarded  for  the  work. 

The  cost  is  estimated  at  $114.50. 

FOURTH   WARD  ENGINE   HOUSE- 

An  Engine  House  has  been  constructed  on  the  comer  of 
Bronson  and  Kent  streets,  in  the  Fourth  ward,  the  designs  for 
which  were  prepared  by  Robinson  &  Bamaby,  architects. 

The  building  is  50  by  76  feet  on  the  ground,  two  stories  in 
height,  with  bell  tower  on  corner,  the  finial  of  which  is  93  feet 
from  the  ground.  White  brick  were  used  in  construction, 
with  Berea  stone  and  red  brick  trimmings. 

The  ground  floor  has  a  large  office,  ample  room  for  fire  ap- 
paratus, and  stalls  for  six  horses.  The  second  floor  has  hay- 
loft and  battery  room  in  the  rear,  three  large  sleeping  rooms 
on  the  sides,  and  foreman's  room  and  reading  room  in  front. 
Bath  room  and  water  closets  are  also  provided.  The  building 
is  not  entirely  completed. 

The  estimated  cost  is  $5000. 

A  portion  of  the  old  Kent  street  engine  house  roof  has  been 
covered  with  gravel  roofing  and  connected  with  the  new  build- 
ing. 

/    The  cost  of  this  work  was  8107.00. 

BOILER. 

A  new  boiler  has  been  placed  in  the  boiler  room  at  the 
pumping  station. 

It  is  of  the  retuan  tubular  pattern,  18  feet  in  length,  with 
90  4-inch  tubes  16  feet  long.  The  diameter  of  the  shell  is  78 
inches.  It  is  built  of  Otis  steel  plate  and  double  rivetted 
throughout. 

The  cost  was  $8860.50. 


42 

The  following  is  the  cost  of  the  improvements  completed 
daring  the  year ; 

Street  improvements,           ....  915,068.06 

Sewerage,       -        -        -   .     -        -        -        -  4,047.64 

Buildings,  including  superintendence  etc.,     -  8  956.84 

Boiler, 3,860.60 


Total,  926,427.54 

Payments  on  incomplete  work,      ...  3,648.82 


Total,  980,071.86 

Paid  prior  to  May  1,  1877,      -        -        -        -        7,642.96 

Paid  during  year, 922,428.40 

OFFICE   AND  FIELD   WORK. 

A  large  amount  of  office  and  field  work  of  an  important 
character  has  been  completed  during  the  year. 

Carefully  executed  maps  of  nearly  all  the  wards  have  been 
made  to  replace  the  old  ones  which  are  worn  out. 

A  large  map  showing  the  pipe  distribution  connected  with 
the  water  works,  with  the  kind  and  size  of  mains,  and  location 
of  stop  valves  and  hydrants,  has  been  prepared  and  placed  in 
the  office  of  the  Board  of  Public  Works. 

A  large  map  has  also  been  prepared  of  the  Rewerage  sys- 
tem so  far  as  extended,  showing  the  kind  and  sizes  of  the 
dewers  built. 

Data  are  being  collected  for  the  preparation  of  a  complete 
topographical  map  of  the  city.  Upon  this  map  will  be  pro- 
jected the  plans  for  the  future  sewerage  extension. 

Respectfully  submitted^ 

A.  C.  SEKELL,  City  Surveyor. 


ANNUAL  REPORT 


-OF  THE- 


BOARD  OF  PUBLIC  WORKS 


■AKD 


City  Surveyor, 


■OF  THE- 


City  of  Grand  Rapids, 


For  the  Year  ending  April  30,  1879. 


GRAND  Rapids. 

Eaolk  Job  Rooms— W.  C.  D 

1879 


r 


REPORT 


OF    THE 


nm  or  rosiic  mm 


TO  THE 


Oomoi  tail  of  die  City  of  Grail  Bapils. 


Transmitting  the  Reports  of  the 


SUPG&inSHSSXT,  COUECTOft  ASS  IMSEi, 

OF  THE  WATER  WORKS, 


For  the  Fiscal    Year   Ending   April  SOth,    1879. 


ALSO    THE 


ANNUAL  REPORT  OF  THE  CITY  SURVEYOR. 


GRAND  RAPIDS. 
EAOI.X  Job  Rcx)Mii— W.  0.  DENNIS  k  CO. 


' 


Report  of  the  Board. 


•  •»^ 


Grakd  Rapids,  May  Ist,  1879. 

To  the  Honorable  the  Mayor  and  Common  Council  of  the  City 
of  Grand  Rapid%  :—aENTLEMEN : 
The  Soard  of  Public  Works  have  the  honor  to  submit  the 
following  Annual  Report  for  the  year  ending  April  30,  1879. 

Your  attention  is  respectfully  invited  to  the  accompanying 
Reports  of  the  Superintendent,  Collector  and  Engineer,  for 
full  and  complete  information  regarding  the  present  condition 
of  our  water  works  system,  and  for  detailed  statements  of  the 
receipts  and  expenditures  during  the  year,  with  the  cost  of  the 
works  and  other  matters  of  special  interest. 

The  report  of  the  Superintendent  shows  the  excellent  con- 
dition of  the  works  under  his  charge,  and  the  careful  and 
economical  manner  with  which  the  repairs  and  inspections 
hare  been  made.  The  fire  hydrants,  one  of  the  most  impor- 
tant branches  of  the  water  works  were  never  in  better  condi- 
tion, and  in  no  case  have  they  failed  to  supply  the  demands 
of  the  fire  department.  This  condition  of  the  works  is  in  a 
great  measure  due  to  the  vigilence  and  industry  of  the  Super- 
intendent whom  the  Board  consider  to  be  peculiarly  well  fitted 
to  fill  the  duties  of  his  ofSce. 


The  report  of  the  Collector  and  Clerk  furnishes  a  full  and 
comprehensive  statement  of  the  receipts  and  expenditures  of 
the  department  for  the  past  year,  and  also  for  the  whole  time 
the  works  have  been  in  operation,  together  with  the  entire 
cost  of  the  works  to  date.  The  income  of  the  works  for  the 
past  year  has  been  $7,496  02  mo^e  than  the  cost  of  main- 
tenance and  salaries,  while  the  expenditures  were  $948  17  less 
than  the  year  previous. 

The  satisfactory  condition  of  this  department  gives  evidence 

of  the  ability  and  faithfulness  of  the   Collector  and   Clerk,  he 

having  fully  met  the  expectations  of  the   Board  in  the  dis- 
charge of  his  duties. 

The  report  of  the  Engineer  in  charge  of  the  Pumping  Ma- 
chinery exhibits  fully  the  operations  of  this  department. 
While  the  total  amount  of  water  pumped  was  slightly  over  SO 
per  cent  in  excess  of  the  previous  year,  the  total  cost  of 
pumping  was  increased  less  than  4  per  cent. 

This  increased  consumption  was  owing  principally  to  the 
fact  that  large  quantities  of  water  were  used  during  the  sum- 
mer months  for  flushing  the  main  lines  of  pipe  and  for  wash- 
ing sewers  and  streets.  The  total  cost  of  pumping  each  mil- 
lion gallons  will  compare  very  favorably  with  the  cost  in  other 
cities,  being  considerably  less  than  during  the  previous  year, 
and  it  is  believed  that  the  coming  year  will  witness  a  still 
further  reduction.  Our  pumping  facilities  are  now  double 
those  of  former  years  ;  the  new  duplicate  pumping  machinery 
being  substantially  completed  and  ready  for  service.  The 
consequent  immunity  from  accident  now  provided,  together 
with  the  very  satisfactory  management  of  Mr.  Turner  the  En- 
gineer and  his  assistants  enable  us  to  regard  this  bratUch  of 
our  water  works  with  espQcii^l  satisfaction^ 


The  Board  deem  it  their  datj  to  again,  as  in  former  re- 
porCSy  invite  the  attention  of  your  honorable  body  to  the  pro- 
priety of  making  annual  payments  to  the  water  works  income 
fand  for  water  taken  for  public  use. 

Large  quantities  of  water  are  annually  used  for  washing 
streets,  for  flushing^sewers  and  for^the  extinguishment  of  fires, 
for  which  the  Water  Works  Income  Fund  receive  no  credit. 
While  it  is  true  that  the  Board  take  pleasure  in  being  able  to 
meet  readily  these  demands  for  water  for  municipal  use,  it  is 
also  true  that  we'deem  it  a  mistake  that  thus  far  the  income 
fund  has  received  no  acknowledgment  for  the  service.  That 
this  would  in  no  way  affect  the  city  treasury,  is  well  under- 
stood,  while  being  a  merited  recognition  of  the  value  of  the 
water  used. 

For  a  detailed  statement  of  the  street  improvements,  sewer- 
age and  other  public  work  conducted  by  the  Board  during  the 
year  your  attention  is  respectfully  invited  to  the  Annual  Re- 
port of  the  City  Surveyor, 

More  than  double  the  work  has  been  done  than  during  the 
previous  year,  and  it  is  believed  that  the  same  is  of  a  substan- 
tial and  durable  character  especially  in  the  matter  of  paving 
and  graveling  of  roadbeds.  We  have  required  yellow  cedar 
blocks  for  wood  paving  in  all  cases  and  believe  the  use  of  pine 
should  be  permanently  abandoned.  We  have  also  in  all  cases 
required  screened  gravel  for  our  roadbeds  and  such  complete 
rolling  of  the  same  as  the  character  of  the  work  demanded. 
That  our  graveled  streets  do  not  pack  as  easily  and  speedily 
as  heretofore,  we  believe  will  in  the  end  be  found  to  be  a 
favorable  fact  in  securing  their  solidity  and  permanence. 
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Our  labors  in  connection  with   public  improvements  have 

been  greatly  facilitated  by  the  City  Surveyor.     To   this  officer 
we  are  indebted. 

The  total  expense  of  the  five  members  of  the  Board  includ- 
ing salaries  for  the  past  year  has  been  $268  50. 

It  gives  US  pleasure  to  present  so  satisfactory  an  account  of 
the  work  for  the  past  year,  and  to  report  the  Department  un- 
der our  care  in  good  condition  throughout. 

Respectfully  submitted. 


JAMES  MILLER, 
F.  B.   DAY, 
JOHN  S.  FABR, 
THOMAS  FAHMEB, 
WM.  P.  INNES. 


> 


Board  of  Public 
Works. 


SUPERINTENDENT'S  REPORT. 


•  •  • 


Office  of  the  Board  of  Public  Works, 

May  Ist,  1879. 

To  the  Ilonorahle  the  Board  of  Public  Works  : 

Gentlemen  : — In  accordance  with  the  custom  of  former 
years  I  have  the  honor  to  present  the  annual  report  of  the 
Grand  Rapids  Water  Works  for  the  year  ending  April  30th, 
1879. 

There  have  been  no  extensions  of  the  water  mains,  owing  to 
the  fact  that  there  has  been  no  money  appropriated  for  such 
a  purpose,  but  in  a  number  of  cases,  private  individuals  own- 
ing property  fronting  on  a  street  not  provided  with  a  main, 
have  laid  pipes  from  one  to  two  inches  in  size  a  distance  of 
from  300  to  1200  feet  in  order  to  derive  the  benefits  of  the 
water  works.     In  one  case  such  a  pipe  is  now  supplying  five 

houses  with  an  immediate  prospect  of  two  more. 

There  have  been  no  serious  breaks  in  the  mains  the  past 

year,  the  leaks  being  of  a  minor  nature  caused  in  a  majority 
of  cases  by  the  settlement  of  the  ground. 

The  iron  pipes  have  given  but  little  trouble  during  the  year 
but  two  leaks  having  occured,  one  of  which  was  caused  by  the 
lead  being  blown  out  of  the  joint,  the  other  a  crack  in  a  twelve 
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inch  pipe  at  the  spigot  end  and  repaired  by  putting  on  an  iron 
band,  thus  obviating  the  necessity  of  putting  in  a  new  pipe. 

The  total  expense  for  repairs  on  iron  pipe  has  been  $2  90. 
This  does  not  include  the  expense  of  lo^wering  88  feet  of  pipe 
made  necessary  by  the  grading  of  Sheldon  Street. 

The  "  Wyckoff  Patent  Pipe  "  is  also  in  good  condition.     In 

uncovering  the  pipe  for  tapping  or  repairing,  I  find  no  traces 
of  rust  on  the  iron  bands,  and  the  tar  coating  is  in  a  majority 
of  cases  very  firm.  The  trouble  with  this  pipe  seems  to  be  in 
the  joints,  sixteen  of  which  were  repaired  during  the  year. 
The  repairing  is  done  by  calking  the  joints  with  oakum  and 

cement.  Six  knots  also  blew  out  which  were  repaired  by 
plugging.  The  expense  of  maintaining  this  kind  of  pipe  is 
borne  by  the  contractors,  Farrington  &  Branch. 

The  pump  logs  are  doing  very  good  service,  but  one  having 
burst  during  the  year.  The  number  of  other  leaks  have 
been  eleven— eight  joints,  three  knot  holes. 

The  supply  pipe  is  in  as  good  condition  as  last  year. 

The  hydrants  have  all  been  examined  several  times  during 

the  year;  new  springs  in  the  ^waste  valves  have  been  substi- 
tuted for  the  old  ones,  making  them  much  more  reliable.  A 
number  of  new  valves  have  been  put  in  to  replace  those  in- 
jured by  stones  &c.  In  no  case  has  the  Fire  Department  re- 
quired the  use  of  a  hydrant  but  what  it  was  found  to  be  in 
good  working  order.  The  large  number  of  streets  graded  last 
year  necessitated  the  raising  of  a  number  of  hydrants  thus 
making  the  expense  of  maintaining  them  somewhat  larger 
than  it  would  otherwise  have  been. 

The  valves  are  all  in  good  shape  and  are  all  open.  Once 
during  the  year  the  water  was  shut  off  the  entire  west  side  for 
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three  hours  in  order  to  repair  a  twelve  inch  valve  at  eighth 
street ;  the  stem  of  the  valve  being  so  badlj  cut  that  it  could 
not  be  closed.  Outside  of  a  few  leaks  in  the  stuffing  boxes, 
no  other  trouble  of  any  account  has  been  had  with  the  valves. 

The  reservoir  and  settling  basin  are  in  good  condition  and 
the  expense  of  maintaining  them  $4  45  has  been  very  small 
and  taking  their  first  cost  into  consideration,  no  branch  of  the 
Water  Works  makes  a  better  exhibit. 

There  have  been  six  meters  purchased  the  past  year  making 
a  total  of  94  meters  owned  by  the  city,  as  follows : 

82  Ball  &  Fitts,  Piston. 
5       "  "      Rotary. 

7  Worthington, 

A  two  inch  meter,  the  largest  one  in  use  here,  has  been 
placed  on  the  2  inch  service  supplying  the  6.  B.  &  I.  R.  R. 
Co.  There  has  been  some  trouble  occasioned  by  meters  break- 
ing down  although  not  as  much  as  in  former  years. 

The  number  of  new  services  put  in  has  been  89.  From 
present  indications  a  much  larger  number  will  be  put  in  the 
presfent  year. 

The  regrading  of  South  Division  Street  made  it  necessary 
to  lower  about  800  feet  of  12  inch  Wyckofi*  pipe  between 
Maple  Street  and  Wealthy  Avenue.  This  work  was  success- 
fully accomplished  without  accident  of  any  kind  and  only  re- 
quiring the  shutting  off  of  the  water  for  three  days.  The 
total  expense  of  this  work  was  $132  00. 

The  increased  consumption  made  manifest  by  the  Engineer's 
report  together  with  the  prospect  of  a  continued  increase  the 
coming  years,  make  apparent  the  necessity  of  immediate  steps 
looking  toward  an  increased  supply  of  w^ater. 
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The  total  length  of  pipe  now  laid  is  22-28  miles  ;  namber 
of  hydrants  234  and  number  of  valves  132. 

In  conclusion  I  desire  to  return  my  thanks  to  the  several 
members  of  the  Board  for  their  kindness  and  courtesy  ex- 
tended to  me  the  past  year. 

Respectfully  submitted. 

THOMAS  FARMER,  Jr., 

Sup't  W.  W. 


COLLECTOR'S    REPORT. 


^  ■  •  • 


Office  of  the  Board  of  Public  Works, 

May  1st,  1879. 

To  the  Honorable  Board  of  Public  Works  of  the    City  of    * 
Grand  Rapids  : 

Gentlemen  : — I  respectfully  present  the  following  report 
for  the  year  ending  April  30th,  1879. 

The  number  of  services  on  the  Ist  of  May,  1878,  for 

which  permits  were  issued,  were,  -          -            690 

Taps  granted  without  permits,         -  -        -            -       15 

Private  mains  connected  with  works,  -            -          15 


Total,         -  720 
fTumber  of  services  put  in  the  past  year,  for  which  per- 
mits were  issued,            -            -            -            -  83 
Taps  granted  without  permits,      *  -            -            -  5 
Private  mains  connected  with  works,         -              -  1 


Total  number  of  connections  on  May  1st,  1879,        -        809 
Number  of  services  now  cut  off,        -        -        -        -         69 


Number  of  services  now  open,        -        -        -        -        740 
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The  receipts  for  the  year  have  been  somewhat  less  than 
during  the  year  previous.  This  is  owing  entirely  to  the  fact 
that  most  of  the  collections  for  the  previous  year  really  covered 
about  fifteen  months  use  of  water.  This  was  due  to  a  change 
in  the  manner  of  assessing  and  collecting  rates  jon  sprinklers 
and  fountains,  which  added  greatly  to  the  legitimate  receipts 
of  that  year,  otherwise  the  past  years  receipts  would  largely 
exceed  those  of  the  year  previous. 

The  receipts  at  this  office  for  the  year  have  been  as  follows : 

From  Water  Rates,  -         -  -  $13,016  74 

"         "     Permits,  -  -  -  545  75 

"  Farrington  k  Branch  for  repairs,         -  -     172  09 


Total  income  from  Water  works,         -  -  $13,784  68 

There  has  also  been  received  from  sewer  permits,  51  00 


Total  receipts  for  the  year,  -  -        $13,785  58 

Cash  on  hand  May  1st,  1878,  •  -         209  67 


$13,995  25 

Deposits  haye  been  made  with  the  City  Treasurer  during 
the  year  as  follows  : 

To  the  credit  of  Water  Works  Income  Fund,         $13,788  88 
"  "  1st  District-sewer  fund,  -        45  00 

"  '  2d       "  u       «        .  -        6  00 


Total  deposits  during  the  year,  -  -    $13,789  88 

Cash  on  hand  to  balance^  «•  -         -  205,37 

$13,996  25 
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Receipts  previous  to  Maj  Ist,  1878  : 


From  Water  Rates,                ... 

$81,430  49 

"        "      Permits, 

-       8,461,28 

"    Sewer,        "               ... 

281  00 

''     FarriDf^ton  &  Branch,  repairs, 

-       181  91 

*'     Carter  &  Sullivan,  (ac't  iron  pipe,) 

97  62 

"     G.  R.  Gas  Co.,  four  inch  valve. 

80  00 

"    G.  R.  &  I.  R.  R.  Co.  pipe. 

60  70 

"    H.  E.  Thompson,  pipe. 

-    44  27 

Total, 

^^85,477  22 

Receipts  for  the  past  year,            -            -      - 

13,785  58 

Total  receipts  to  date. 

f49,262  80 

Deposits  made  previous  to  May  1st  1878  : 

To  the  credit  of  Water  Works  Income  Fund,        $34,960  65 
"        «        "        «         "     Fund, 
**         "         "     1st  District  Sewer  Fund, 
(c         (t         i(     2nd     ^'  *^         ^' 

Total, 
Deposits  made  the  past  year, 
Cash  on  hand  to  balance. 

Total,  -        -  -        $49,262  80 


264  90 

86  00 

.      6  00 

$35,267  55 

18,789  88 

205  87 
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STATEMENT  OF  EXPENDITURES 


May  Ist,  1878  to  May  Ist,  1879. 


CONSTRUCTION    OF  WATERWORKS. 


1.    Pipe  System. 


Lowering  pipe  in  Soath  Diyision-st.,         $159  79 

"  "     «   Sheldon-8t.,  -  11  05  J  170  84 


2.    Pumping  House  and  Grounds. 

Building  Foundation,  -        -  $47  70 

Sewer  Pipe,  -  -  -        13  80 

Replacing  Floor,  -        -  -      15  00 

Filling  Grounds,  -  -  21  00         97  50 


3.    Pumping  Machinery. 

Repairs  to  old  Worthington  Pump,  -  25  00 

4.    Duplicate  Pumping  Machinery. 
Construction,  -  .  .  .         10,500  00 

5.    Meters. 
6  new  meters,  -  -  -  -  166  32 

6.    Miscellaneous. 

Printing  and  Telegraphing,  -  -  5  10 


Total  paid  on  construction,  -  S  10,964  76 

Paid  previous  to  May  Ist,  1878,  390,624  83 


Total  paid  for  construction  to  date,        -        -      401,589  59 
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MATNTENANCE  AND   OPERATION    OF 

WATER  WORKS. 
1.    Pumping. 

Salary,  Engineer,  ... 

"       Assistant  Engineer, 

"       Fireman,  -  -  -        - 

Fuel, 
Repairs  to  Pumping  Machinery, 

"  Boiler  Arches, 

Supplies,  (oils,  packing  &c.) 


2.    Office  k  Collecting. 
Salary,  Collector,  ... 

Printing  and  Advertising, 
Stamps  and  Stationery, 
Freight,  Telegraph  ic,  - 


$  750  00 

720  00 

572  76 

1,684  66 

66  97 

7  60 

.  228  88 

94,014  75 

9540  00 

19  26 

86  90 

41  17 

9637  82 


3.    Superintendence  and  Repairs. 
Salary,  Superintendent,  -  ^    -  $897  00 

REPAIRS. 

1.    Iron  Pipe. 

Labor,  -  -  -  •        $2  50 

Material,  -  -  -      40        2  90 


2.     Wyckoff  Pipe. 
Labor,  -  -  -  9116  60 

Material,  -  -  -         28  77     145  37 
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Labor, 
Labor, 
Labor. 

Labor, 
Material, 


3.    Pump  Logs. 


4.     Supply  Pipe. 


5.    Valves. 


6.     Hydrants. 


14  45 


5  00 


$11  73 


$73  85 
77  64 


151  49 


7.    Meters. 

Labor, 

- 

$37  03 

Material, 

8.    Reservoir. 

21  14 

58  17 

Material, 

9.    Settling  Basin. 

- 

2  30 

Labor, 

10.    Supply  Creeks. 

- 

2  ir. 

Labor,  watch 

ing  creek. 

$93  00 

Material, 

11.    Service  Connectio 

8  06 

96  06 

NS. 

Labor, 

. 

fl7  37 

Material, 

- 

67 

18  03 

12.    Supplies,  &c. 


Tools, 

Shut  off  boxes, 

Blowing  off. 


9  56  52 
105  59 
19  73  181  84 


$1,586  49 
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Recapitulation. 

Pumping,  -  -  .  .,  $4,014  75 

Office  and  Collecting,  .  .  .  637  32 

Superintendence  and  Repairs,  -  1,586  49 


Total  paid  for  maintenance  and  operation, 

$  6,238  56 

Paid  previous  to  May  Ist,  1878, 

33,785  79 

Total  paid  to  date. 

?40,024  35 

Income  for  the  year,             ... 

813,734  58 

Cost  of  maintenance  and  operation, 

6,238  56 

Excess  of  receipts  over  expenditures. 

?7,496  02 

Cost  of  operation  for  the  year,  ending 

May  Ist,  1878, 

87,181  73 

Cost  for  the  past  year, 

6,238  66 

Decrease  in  expenditures,         $943  17 

I  extend  to  the  President  and  Members  of  the  Board,  my 
acknowledgment  of  courtesies  received  during  the  year. 

Respectfully  submitted, 

FRED  A.  TWAMLEY, 

Collector, 


ENGINEER'S  Report. 


■»  <#» 


Grand  Rapids,  Mich.,  May  1,  1879. 

To  the  HonorahU^  the  Board  of  Piiblk  Works  of  the  City  of 
of  Grand  Rapids : 

Gentlemen: — I  have  the  honor  to  8ubmit  herewith,  my 
annual  report  of  the  work  done  by  the   pumping  engine,    for 

the  year  ending  April  30,  1879. 

* 

The  engine  has  been  running  on  342  days,  making  a  total 
of  time  run  2779  hours  and  50  minutes,  against  322  days  or 
2282  hours  and  45  minutes  run  the  year  previous. 

The  total  number  of  revolutions  made  was  3,347,105, 
against  2,567,671  the  previous  year. 

The  new  duplicate  pumping  machinery  is  substantially  com- 
pleted and  ready  for  service. 

The  following  table  shows  the  number  of  days  run  for  each 
month,  the  number  of  revolutions  made,  gallons  of  water  pump- 
ed and  amount  of  wood  burned.  The  estimated  .quantity  of 
water  pumped  per  revolution  is  97.82  gallons. 
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MONTH. 

M»y,- 

Jone, 

July 

August, 

September, 

October,.. 

Noyember, 

December, 

January 

February, 

March, 

April, 

Total, 


Days 
Pamp'd 


27 
27 
31 
81 
28 
27 
26 
26 
81 
28 
81 
29 


842 


Time  Run. 

H.        M. 


181—16 
211-10 
2t7— 20 
272—10 
26i— 25 
232—10 
208—00 
209-10 
254—10 
221-40 
229—10 
909—10 


No.  of 
RcTcdationB 


2779--50 


217,693 
288,305 
32'?.H74 
318,415 
311,753 
279,013 
252.993 
260,596 
315,477 
278,768 
282,857 
264,870 


8,847,ia'> 


Gallons  Water 
Pumped. 


21,291,729 
28,810,995 
31,974.814 
31.147,355 
30,495,678 
27,293,051 
24,747,775 
25,491,^ 
30.859.959 
27,268,107 
27,669,071 
25,860,678 


827,413.707 


Cords  of 
wood 
used. 


118 
101 
184.5 
138 
135 
124 
119 
126 
142 
129 
104 
87 


Cost  of 
wood 
used. 


$165  20 
141  40 

188  40 
193  20 

189  00 
173  60 
166  60 
176  40 
198  80 
180  60 
145  60 
121  80 


1,457.6  82,04060 


Average  daily  consumption,  897,024  gallons,  against  a 
daily  average  the  year  previous  of  688,136  gallons,  or  an  in- 
crease of  over  30  per  cent. 

Approximate  daily  consumption  for  each  service,  1,281 
gallons,  against  1,147  gallons  the  previous  year. 


The  running  expenses  for  the  year  have  been, 
l^or  Salaries,  .  .  -  . 

"    Fuel,  .  ...  -  - 

"    Repairs,  .  .  .  - 

"    Oil,  Packing,  &c., 

Total, 

Average  lift  of  water  not  including  friction 
in  pump  and  force  main, 


$2,042  75 

2,040  60 

138  98 

179  14 

$4,401  47 
150  feet. 


90 

Total  cost  of  raising  one  mill,  garns  into  reservoir,      $13  44 

"      "    "      "        «      "        "     1  foot,        J0.08  96-100 

t(       a    a  fygj  jjp  raising  1  mill,  gaFns  into  res'y'r,  $6  23 

"       "    "     "    "      "  "        "  1  foot,    $0.04  15-100 

Respectfully  submitted, 

DEMETRIUS  TURNER, 
Engineer  of  pumping  machinery. 

Inventory  of  stock  on  hand  at  pumping  station  May  1,1879. 

'  FUEL. 

120  J  cords  of  hard  wood, 
274|  cords  of  pine  slabs, 

1000  lbs.  of  stove  coal. 

OIL. 
42  J  gallons  of  cylinder  oil  @  90c.       -  -  $38  26 

IJ  gallons  of  lard  oil  @  $1  00,         -  -  -      1  50 

3  gallons  kerosene  oil  @  30c.  •  -  90 

Total,         $40  65 


City  Surveyor's  Report. 


City  Surveyor*  Office, 

Grand  Bapidfl,  Michigan,  May  1,  1879. 

To  the  Honorable  Mai/or  and  Common  Council  of  the  City 
of  Orand  Rapids: 

Gentlemen  ; — I  have  the  honor  to  submit  the  following 
report  of  the  public  improvements,  made  under  direction  of 
the  Board  of  Public  Works,  for  the  year  ending  April  30, 
1879. 

STREETS. 

The  following  table  exhibits  the  several  street  improvements 
completed  during  the  year,  together  with  the  character  of  the 
-work  and  the  cost,  and  also  the  several  street  improvements 
now  under  contract. 
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The  total  length  of  the  streets  now  opened  in  the  city  is 
132.16  miles,  of  which  there  are  : 
Graded  and  paved  with  wood,        ... 
Graded  and  pared  with  wood  and  stone, 
Graded  and  paved  with  stone,         -        .        - 
Graded,  graveled  and  gutters  paved, 
Graded  and  graveled,  .        .        .        . 

Graded,  - 

Unimproved,  

Total, 132.16     " 

r 

SEWSRS. 

Including  the  sewerage  now  in  process  of  construction  the 
total  length  of  the  sewerage  system  is  16  5218-5280  miles,  of 
which  there  are 

Brick  sewers,  .        -        .        .  7  4863-5280  miles 

Glazed  pipe  sewers,  ...  6  5220-5280    " 

Cement  pipe  sewers,  ...  0  2659-5280    " 

Wood  sewers,  ...        -  1  3136-5280    " 


0.07  miles 

3.72 

1.55 

22.84 

29.35 

7.48 

67.15 

Total,  -,        -        -        -      16  6218-5280 

The  following  table  shows  the  sewers  constructed  during 
the  year,  together  with  their  location,  cost,  &c.,  and  also  the 
sewerage  commenced  during  the  year  and  not  yet  completed : 
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FOURTH  WARD  ENGINE  HOUSE. 

The  Fourth  Ward  Engine  House  was  completed  early  in 
the  year,  the  final  account  being  allowed  by  the  Board  on 
May  4,  1878,  at  81247.30. 

The  total  amount  allowed  by  the  Board  upon  the  contract 
for  its  construction  was  ^891.12.  A  description  of  the 
building  may  be  found  in  the  last  report  of  the  Board. 

FIRST  WARD  ENGINE  HOUSE. 

PLASTERING  AND   PAINTING. 

The  First  Ward  Engine  House  has  been  plastered  and 
painted  as  ordered  by  the  Common  Council,  by  resolution 
adopted  March  4,  1878.  The  work  was  done  by  Peale  & 
Miller,  and  the  cost  was  $188.42. 

PARK  WALKS. 

Gravel  walks  have  been  constructed  in  the  Fulton  street 
park,  by  Utes  &  Livingston,  at  a  cost  of  $160.00. 

DUPLICATE  PUMPING  ENGINE. 

A  contract  for  the  construction  of  duplicate  pumping  ma- 
chinery was  awarded  to  R.  E.  Butterworth,  on  April  30, 
1878,  for  the  sum  of  ?11,200.00.  The  work  is  now  substanti- 
ally completed  and  ready  for  use. 

The  engine  will  be  able  to  deliver  3,000,000  gallons  into 
the  reservoir  in  24  hours,  and  it  is  believed  that  its  use  will 
permit  considerable  saving  in  the  annual  expenditures  for  fuel, 
as  well  as  guard  against  any  accident  that  might  occur  by 
reason  of  the  failure  of  any  part  of  the  engine  now  in  use, 
which  has  been  running  since  June,  1875. 

There  has  been  paid  on  account  of  construction  the  sum  of 
110,500.00. 
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The  following  is  the  cost  of  the  sereral  improvements  which 
have  been  completed  during  the  year,  including  incidental  ex- 
penses, but  not  including  cost  of  superintendence  on  build- 
ings : 

Street  improvements,          -        -        -        -  $17,477  85 

Sewerage, 2,589  77 

Buildings,  except  superintendence,etc.,          -  5,079  54 

Park  walks, 160  00 


Total  cost  of  work  completed,    -        -        $25,307  16 
Payments  by  Board  on  incomplete  work,       -  14,713  98 


Total,  $40,021  14 

Payments  by  Board  prior  to  May  1,  1878,   -  8,643  82 


Payments  by  Board  during  year,  including  inci- 
dentals on  completed  work  paid  by  Council,    $36,377  32 

Annexed  is  a  list  of  the  several  sewers  in  the  city,  includ- 
ing the  sewerage  now  in  process  of  construction,  showing  their 
location,  size,  kind  of  material,  length,  aLd^ate  of  construct- 
ion. 

Respectfully  submitted, 

A.  C.  SEKELL, 

City  Surveyor. 
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EAST  SIDE  SEWERAGE  MAY  1,  1879. 


STREET. 


Barclay. 


Bartlett. 


Blakeley  Ave. 


Bostwlck. 
Bridge  E... 
Bridge  E.. 
Bronson... 


Galder.. 
Canal.. 


Canal. 


X^^  MM  VC  9  ■■•••••«••••• 


Chony.. 


Cherry. 


Coldbrook... 


LOCATION. 


From  200  feet  south  of  Lyon  street 
south  in  center  of  Barclay  St.  to 
Fountain  St.  thence  curve  west 
to  sewer  In  Fountain  St 

From  east  line  of  Summit  St.  east 
In  center  of  Bartlett  St.  to  sewer 
in  S.  Ionia  St.  at  north  line  of 
Bartlett  St 

From  west  line  of  Oenter  St.  west 
in  center  of  Blakeley  Ave.  to  S. 
Division  St,  thence  on  curve  to 
north  line  of  Blakeley  Ave.  at 
center  of  S.  Division  St 

From  point  423  ft.  north  of  Foun- 
tain St  south  in  center  of  Bost- 
wick  St.  to  sewer  in  Fountain  St. 

From  east  line  of  Clinton  St  west 
in  center  of  E.  Bridge  St  to  sew- 
er  in  Kent  alley 

From  oenter  of  Canal  St  east  In 
center  of  £.  Bridge  St  to  sewer 
in  Kent  Alley.. 

From  west  line  alley  east  of  N.  Di 
vision,  west  in  center  of  Bronson 
St  to  point  23  ft  east  of  Kent  al- 
ley, thence  curve  south  to  sewer 
in  Kent  alley 

From  near  center  of  Island  St 
north  in  east  gutter  of  Calder  St 
to  sewer  in  E.  Fulton  St 

From  center  of  Newberry  St.  on 
east  line  of  Canal  St  south  on 
cur\'e  to  east  gutter  of  Canal  St, 
thence  south  to  point  50  ft  north 
of  Hastings  St,  thence  west  tu 
river. 

From  center  of  Hastings  St  at  east 
line  of  Canal  St  north  on  curve 
to  east  gutter  of  Canal  St,  thence 
north  50  feet 


MATCBIAXi. 


Glaeed  Pipe 


Glased 
Glazed 


Pipe 
Pipe 


I 

a 
S 

CO 


12 


12 
15 


Brick 


Brick... 
Glazed 
Brick ... 
Brick 


••■••••a 

Pipe 


••«•••••• 


Glazed  Pipe 


22x33 


20x24 

15 

18x24 

36x48 


Glazed 
Glazed 
Glazed 


Pipe 
Pipe 
Pipe 


Brick. 


Wood. 


From  east  line  of  Center  St  at  cen- 
ter of  alley  south  of  Blakeley  ave 
thence  north  on  curve  to  center 
of  Center  St,  thence  nortti  to 
south  line  of  Blakeley  Ave., 
thence  west  on  curve  to  center 
of  Blakeley  Ave.  at  west  line  of 
Center  St 


From  west  line  of  S.  Division  St 
west  In  Cherry  St  to  S.  Spring 
St,  thence  on  curve  north  to  sew- 
er in  S.  Spring  St.. 


From  west  line  of  S.  Union  St  near 
center  of  Cherry  St,  west  to  La- 

rve  St,  thence  on  curve  north 
sewer  in  Lagrave  Street  at 
north  line  of  Cherry  St 

From  point  200  feet  cast  of  Taylor 
Street  west  on  line  5  feet  soutiti  of 
center  of  Coldbrook  Su  to  river... 


Brick. 


18 


12 
15 
18 


60x72 


36x48 


20x24 


Brick... 
Brick... 


Glazed  Pipe 


Glazed 

Glazed 

Glazed 

Glazed 

Glazed 

Glazed 

Brick  . 

Glazed 

Glazed 

Glazed 


Pipe 
Pipe 
Pipe 
Pipe 
Pipe 
Pipe 


Pipe 
Pipe 
Pipe 


20x30 
22x83 


12 

12 
15 
18 
20 
22 
24 
24x86 
12 
15 
18 


i 

s 

1-1 


504 


556 
290 


467 


456 
587 
530 
UO 


168 


478 
576 
129 


334 


1794 


80 


50 
147 


818 

888 

325 
962 
857 
367 
292 
805 
570 
270 
273 


jot 

s 


1878 


1875 
1875 


1878 


1866 
1875 
1866 
1865 


1878 


1878 
1878 
1873 


1867 


63-4 


1878 
1878 


1871 

1875 
1876 
1875 
1875 
1875 
1875 
1876 
1876 
1876 
1876 


so 


STREET. 


Division  N 

• 

Dlylsion  N. 

DlvWon  N 

Division  S 

Division  8 

Division  8. 
Division  8. 


Erie,. 


Fountain 


Fulton,  E. 


Fulton,  E, 
Goodrich, 

Hastings.., 
Ionia,  N.., 


LOCATION. 


From  if)  feet  south  of  Bronson  8t, 
south  in  center  of  N.  Division  St. 
to  Lyon  street,  thence  on  curve 
west  to  sewer  in  Lyon  street 

From  north  line  of  Pearl  St.  north 
in  center  of  N.  Division  street  to 
Lyon  street,  thence  on  curve  west 
to  sewer  In  Lyon  street » 

From  south  line  of  Pearl  St.  south 
in  center  N  Division  Sl  to  Foun- 
tain street,  thence  west  on  curve 
to  sewer  in  Fountain  St «... 

From  point  40  feet  north  of  Monroe 
St.  north  in  center  of  N.  Division 
St.  to  Fountain  St.  thence  west 
on  curve  to  sewer  in  Fountain  St 

From  north  line  of  Fifth  Ave.  north 
in  center  of  8.  Division  street  to 
south  line  of  Prescott  8t,  thence 
west  on  curve  to  center  of  Pres- 
cott  Stat  west  line  of  S  Division  st 

From  point  25  ft.  north  of  Wealthy 
Ave.  north  in  S.  Division  street  to 
Cherry  St.,  thence  west  on  curve 
to  center  of  Cherry  St  at  we*t  line 
of  8  Division  St 

See  Wenham  Avenue  sewer 

From  point  25  feet  north  ol  Cherry 
St  north  in  center  of  S.  Division 
St  to  south  line  of  Island  St. 
thence  west  on  curve  to  sewer  in 
Island  street  at  west  gutter  of  S. 
Division  St 

From  near  Southeast  comer  of 
Canal  and  Bronson  streets  north 
in  east  gutter  of  Canal  St  to  north 
gutter  of  Bronson  St,  thence 
across  Canal  St  to  center  of  Erie 
St  at  west  line  of  Canal  Street, 
thence  west  to  tail  race 

From  point  900  feet  east  of  N.  Col- 
lege Ave  west  in  center  of  Foun- 
tain St  to  east  Une  of  Ottawa  St. 

From  east  line  of  Lafayette  St  west 
In  center  of  E.  Fulton  St  to  W. 
Park  Place,  thence  on  curve  to 
north  line  of  £.  Fulton  Street  at 
north  gutter  of  Monroe  St 

From  point  75  ft.  west  ol  Division 
St.  west  in  E.  Fulton  St  to  west 
line  of  Waterloo  St 

From  east  line  of  Summit  St  east 
In  center  of  Goodrich  Street  to  S. 
Ionia  St,  thence  north  on  curve 
to  sewer  in  8.  Ionia  St 

From  east  line  N.  Ionia  St  west  In 
center  of  Hastings  St.  to  east  line 
of  Canal  St 

From  point  29u  feet  north  of  Wal- 
brldge  St  south  In  center  of  N. 
Ionia  St.  to  north  line  of  Wal 
bridge  St.  thence  west  on  cun^e 
to  wal  bridge  St  sewer  at  a  point 
50  feet  woNt  of  N.  Ionia  St 


Glazed  Pipe 


Glazed  Pipe 


Glazed  Pipe 


Glazed 
Glazed 


Glazed 
Brick... 
Brick... 


Pipe 
Pipe 


Pipe 


Glazed 
Glazed 


Pipe 
Pipe 


Glazed  Pipe 


13 
la 


12 


13 
16 


18 

18 

23x33 


13 
12 


Glazed  Pipe 
Glazed  Pipe 

Brick.. 

Brick 

Brick 

Brick 

Glazed  Pipe 
Glazed  Pipe 

Glazed  Pipe 
Glazed  Pipe 
Brick 


Glazed  Pipe 
Glazed  Pipe 


Brick. 


Cement  Pipe 


15 


13 

12 

18 
34x30 
34x36 


20x34 
18 
20 

IS 

18 

60x73 


12 
15 


30x34 


8 
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488 
818 

321 


182 
378 


1564 

45 

350 


491 
837 


297 
1154 
1334 

786 

5a» 


656 
378 
528 

647 
4ft3 
820 


6S1 
390 


865 


STOl 
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1874 
18T4 


1874 


1874 
1874 


isn 

1878 
1878 
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1878 


1873 


1874 
1876 
1876 
1867 
1674 


1866 
1876 
1875 

1877 

18?i 

66-67 


1875 
1875 


1867 
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gTBfiEf. 

LOCATION. 

Matibial. 

1 

a 
S 

CO 

• 

6^ 
383 
264 

600 

712 
999 

955 
51U 

M8 

403 
850 

638 
579 

51 
69 

615 
720 

206 

723 
789 
992 
472 

243 

g 

XoniJL  'N... •...•••• 

From  north  line  of  Fountain  St> 
north  in  east  gutter  of  N  Ionia 
St  to  Lyon  8t,  thence  north  In 
center  of  N  Ionia  st  to  sewer  in 
Bronson  st 

Wood 

Wood 

24x30 
24x80 
86x86 

16 

40x60 
40x60 

86x46 
60x72 

20x24 

12 
18x18 

12 
18x24 

12 
16x24 

12 
24x86 

18 

24x30 
20x30 
24x36 
86x48 

12 

1863 
1865 

Wood 

1860 

loniii.  N 

From  point  75  ft  south  of  Monroe 
St  southwesterly  in  center  of  S 
Ionia  St  to  E  Fulton  st,  thence 
west  on  curve  to  sewer  in  E  Ful- 
ton St 

Glazed  Pipe 
Brick 

187S 

Ionia.  8«. 

From  center  of  Presoott  st,  at  east 
•line  of  S  Ionia  st,  north  on  curre 
to  center  of  8  Ionia  st,  thence 
north  in  center  of  8  Ionia  st  to 
Williams  st,  thence  east  on  curve 
to  center  of  Williams  st  at  east  line 
of  8  Ionia  st 

1875 

Brick 

1875 

Ii]AP<1  - . 

From  southwest  comer  of  Island 
and  Sneldon  sts,  westerly  to  cen- 
ter of  Island  st  at  west  une  of  S 
Spring  st,  thenoe  west  in  center 
of  Island  st  to  sewer  in  Calder  st. 

From  south   line  of  E  Fulton  si 
south  in  center  of  Jefferson  ave 
to  sewer  near  north  line  of  Wash- 
ington st 

From  850  ft   north   of  Cherry  st 
south  in  center  of  Jefferson  ave 
to  Cherry  st,  thenoe  west  on  curve 
to  sewer  in  Cherry  st. 

From  150  ft  north  of  Blakeley  ave 
north  in  center  of  Jeffenon  ave 
to  sewer  in  Wealthy  ave. 

k 

67  68 

Brick. 

67-68 

Jeffenon  aye... 

>• 

Brick 

1866 

Jefltonon  ave... 
Jeffenon  ave... 

Glazed  Pipe 
Wood 

1875 
1867 

Kent 

From  soath  line  of  Mason  at  south 
in  center  of  Kent  street  to  New- 
berry st,  thence  west  on  curve  to 
sewer  in  Newberry  st 

Glazed  Pipe 
Brick. 

1874 

LafafeUe.S 

From  50  ft  south  of  E.  Fulton  si 
south  in  center  of  S  Lafayette  st 
to  sewer  in  Wsiihington  st 

1868 

I^fkyette.S 

From  center  of  Logan  st  at  east 
line  of  8  Lafayette  st  north  on 
curve  to  center  of  8  Lafayette  st. 
thence  north  and  west  on  curve 
to  center  of  Wen  ham  ave  at  west 
line  of  S  Lafayette  st 

Glazed  Pipe 
Brick 

1877 
1877 

I^Agravc  ^ 

From  center  of  Maple  st  at  west 
line  of  Lagrave  st  north  on  curve 
to  center  of  Lagrave  st,  thence 
north  in  Lasrave  s^to  sewer  be- 
tween Island  and  Oakes  sts 

From  east  line  of  Canal  st  west  in 
south  gutter  of  Leonard  st  to  river 

From  Cherry  st  north  In  center  of 
Luce  st  to  sewer  in  Washington 
st 

Glazed  Pipe 
Brick 

1873 
1878 

Leonard,  E 

Glazed  Pipe 
Brick 

1876 

186# 

Lyon. 

From  center  of  Ransom  st  west 
in    center  of   Lyon  st    to  tail 
race 

Brick 

1870 

Brick 

1870 

Brick 

65-68 

0&&pi  6«  •••••■••««•••• 

From  25  feet  east  of  Sheldon  st 
east  in  center  of  Maple  st  to  west 
line  of  Lairrave  st 

Glazed  Pipe 

1878 

S2 


• 

8TKKET. 

LOCATION. 

Matkbial. 

1 

a 

• 

i 

Monroe 

From  north  line  of  E  Fulton  at 
northwesterly  near  northeast  gut- 
ter of  Monroe  st  to  sewer  in  Pearl 
8t  at  east  line  of  Canal*  st 

Glazed  Pipe.. 
Brick 

30 

30 

36x48 

36x48 

48x60 
18x24 
18x34 
34x36 

16x34 

16x34 
16x34 
36x48 
48x60 

16 
18 

13 

16x34 
18x37 
30x30 

36x54 

13 

30x34 
30x34 

36x48 

36x48 

30x30 
48x00 

15 
263 

1491 

798 

181 
1311 
1416 

111 

793 

603 
479 
187 
165 

337 

367 

445 

807 
3U0 
300 

694 

490 

63 

766 

173 

609 

833 

781 

1RT5 
1876 

Brick 

Wood.. 

1869 

Newberry 

From  west  line  of  N  lonia  st  west 
in  center  of  Newberry  st  to  east 
line  of  Canal  st 

63-64 

Cakes 

From  center  8.  Spring  st  at  south 
line  of  Oakes  st  thence  west  on 
curve  to  center  of  Oakes  st  thence 
west  in  center  of  Oakes  st  to  near 
allev  between  8.  Spring  and  6. 
Ionia  sts.  thence  north  on  curve 
to  center  of  alley  at  north  line  of 
Oakes  st 

From  north  line  of  Walbridge  st 
south  in  east  gutter  of  Ottawa  st 
to  Bewer  In  Newberry  st... 

Brick 

1889 

Ottawa 

Brick 

1869 

vjccawa  ••••«••••  •• 

From  250  ft  »outh  of  Trowbridge  st 
north  in  east  gutter  of  Ottawa  to 
sewer  in  Newberry  st 

Prom  east  line  of  Ottawa  at  at  center 
of  Fountain  vk  south  on  ounres  to 
sewer  In  Monroe  st 

Brick 

1869 

Ottawa 

Brick 

1974 

From   100  ft   south  of  Monroe  st 
south-westerly  in  center  of  Ottawa 
st  to  sewer  in  E  Fulton  st. 

Brick 

1870 

From  east  gutter  N  Division  st  west 
in  center  of  Pearl  st  to  Canal  st, 
thence  across  Canal  st  to  south 
gutter  of  Pearl  st  thence  west  to 
the  east  channel  sewer 

From  south  line  of  Carrier  st  south- 
westeriy    in  center  of  Plainlield 
ave  to  Coldbrook  creek. 

From  76  ft  south  of  Ooldbrook  creek 
in  center  of  Plainfield  ave  south- 
westerly to  sewer  in  Coldbrook  st... 

From  point  6  ft  east  of  west  line  of 
8  Lafayette  st  west  in  center  of 
Pleasant  st  to  east  line  of  alley  west 
of  JefIl»rton  ave 

Brick ........... 

1874 

Brick 

1870 

Brick 

Brick 

1869 
1870 

Plaiufleld  Ave^ 

Glassed  Pipe.. 
Brick. 

1878 
1878 

Plainfield  Ave. 
Pleasant 

Glazed  Pipe.. 
Brick 

1878 

1879 

1879 

1879 

Prescott 

From  west  line  of  8  Division  st  west 
in  center  of  Presoott  st  to  8  Ionia 
st 

A^rlCm  •.>•...•... 

1878 

Proepect,  8 

From  37  ft  north  cf  Btate  st  north  in 
center  of  8  Prospect  st  to  Wash- 
ington st,  thence  west  on  curve  to 
sewer  in  Washington  st 

Glazed  Pipe 
Brick 

1875 

Bannom  . .. 

From   south   hue   of    Fountain    st 
south  In  center  of  Bansom  st  to  E 
Fulton  St.  thence  west  on  cafve  to 
sewer  in  E  Fulton  st 

187S 

Brick 

1866 

Sheldon 

From  160  ft  south  of  Island  st  on 
east  line  of  Sheldon  st  northwest- 
erly to  near  south-west  comer  of 
Island  and  Sheldon  sts 

Brick 

67-68 

dheldon ............ 

From  center  of  Wealthy  ave  at  east 
line  of  Sheldon  st  south  on  curve 
to   center  of   Sheldon  st  thence 
south  to  sewer  in  Wenham  ave 

From  center  of  Bartlett  st  north  m 
center  of  8  Spring  st  to  south  line 
of  Oakes  st 

TV  vVU    •  »•••••••• 

Brick 

Brick  

Rnrinff.  8. 

1864 

1869 
1869 

33 


BTBEET. 


Taylor 


Taylor 

Walbridgo. 


Washington 


Waterloo,  N.. 
Wealthy  Ave , 

Wenham  Ave, 


LOCATION. 


From  12  ft  north  of  B  Leonard  at 
north  In  east  gutter  of  Taylor  at 
to  point  90  ft  north  of  aouth  line 
of  Qoimby  at.  Dlachargea  into  18 
inch  pipe  ctdvert  685  fl  north  of 
E  Leomurd  at 

See  Plainfleld  ave 

From  eaat  line  of  N  Ionia  at  weat  in 
center  of  Walbridge  at  to  aewer  in 
OtUwa  at 

From  eaat  line  of  liladlaon  ave  weat 
in  center  of  Waahington  at  to  near 
Jefferaon  ave,  thence  northweet- 
erly  to  weat  Itne  of  Jefferaon  ave 
at  point  —  ft  north  of  the  north 
line  of  Waahington  at. 

From  80  ft  aonth  of  Monroe  nt  aonth- 
weaierly  in  center  of  M  Waterloo 
at  to  aewer  in  S  Fnlton  at 

From  weat  line  of  Oaaa  at  west  in 
Wealthy  ave  to  eaat  line  of  Sheldon 
at 


Wflliama. 


Alley  between 
Kent  and  Ca* 
nal  ata 

Alley  between 
Canal  and  Ot- 
tawa ata 

Alley  between 
Sent  and  Ot- 
tawa ata. 

AUey  between 
Kent  and  Ot- 
tawa ata 

Alley  between 
Kent  and  Ot- 
tawa ata 

Alley  between 
Ottawa  and  M 
Ionia  ata 

Alley  between 
Ottawa  andN 
Ionia  ata 

Alley  between  N 
Division  and 
Boat  wick  ata... 

Alley  between 
Summit  and 
Calder  ata 

AUey  between 
Calder  and  Al- 
my  ata 


From  weat  line  of  S  Lafayette  at 
weat  in  center  of  Wenham  ave  to 
eaat  line  of  8  Division  at,  thence 
aouth  and  weat  on  curvea  to  cen- 
ter of  Preacott  at  at  weat  line  of  8 
Diviaion  at 

From  eaat  line  of  S  Ionia  at  eaat  in 
center  of  Williama  at  to  weat  line 
of  8  Spring  at,  thence  north  on 
curve  to  aewer  in  8  Spring  st. 

From  68  ft  aouth  of  Haatinga  at 
aouth  to  aewar  in  I^ron  at 

From  north  line  of  Walbridge  at 
aouth  to  aouth  line  of  ICaaon  at 

From  aouth  line  of  Trowbridge  at 
aouth  to  aewer  in  Haatings  at  at 
point  10  ft  weat  of  weat  line  of  al- 
ley  

From  76  ft  north  of  Lyon  at  north 
to  aewer  in  Bronson  at 

From  7S  ft  aouth  of  B  Bridge  at 
aouth  to  aewer  in  Bronaon  at 

From  60  ft  aouth  of  B  Bridge  at 
aouth  to  aewer  m  Bronaon  at ..  ..^. 

From  60  ft  north  of  Lyon  at  north 
to  aewer  in  Bronaon  at 

From  aouth  line  of  Bronaon  at  aouth 
to  Lyon  at,  thence  weat  on  curve 
to  aewer  in  Lyon  at 

From  north  line  of  Oakea  at  north 
to  aewer  in  B  Fulton  at 

From  40  ft  north  of  Cherry  at  north 
to  Island  at,  thence  weat  on  curve 
to  aewer  In  Island  st 


Matkbiai.. 


Cement  Pipe 
Cement  Pipe 


Brick.. 


Brick 
Brick 


Glazed  Pipe.. 
Wood. 


Brick 
Brick 
Brick 


Brick, 

Brick 

Brick 


•a 


9 
13 


aoxso 


Qlaied  Pipe. 

Glaied  Pipe. 
Glased  Pipe.. 

Wood 

Wood 

Wood 

Cement  Pipe 

Glazed  Pipe.. 

Glazed  Pipe.. 
Glazed  Pipe 


24x30 
36x48 


18 
36x48 


16x9i 
18x27 
80x46 


48x60 
20x90 
86x48 


12 

12 
12 

18x24 

12x12 

lSxl2 

12 

12 

9 
12 


i 


613 
1160 


301 


1283 
9U 


960 
901 


800 
947 
848 


276 

487 

1167 


787 

543 

460 

482 
507 
467 

626 

797 

426 
44S» 


I 


1872 
1872 


1871 


68-69 
6t»-G9 


72-78 
1864 


1876 
1876 
1876 


1876 
1870 
1866 


1874 

1872 
1874 


1867 
1867 

1871 

1874 

1873 
1873 


34 


STREET. 


Alley  between 
8  lonlft  and  8 
Spring  BtB 

Alley  between 
Sheldon  and 
Lagrave  Bts... 

Allt>y  between 
Blakeley  av  At 
Pleaaant  at 


Alley  between 
Center  stand 
Jefferson  ave.. 


East       channel 
sewer 


LOCATION. 


From  north  line  of  Oakes  st  north 
to  point  160  ft  Bonth  of  Island  at... 

From  ao  ft  south  of  Ooodrlch  st 
Bonth to  Wealthy aycLfhenoe west 
on  curve  to  sewer  in  Wealthy  aye.. 

From  south  line  of  alley  south  of 
Blakeley  ave  at  center  of  alley  east 
of  Center  st,  thence  west  on  curve 
to  center  of  alley  south  of  Blakeley 
ave,  thence  west  to  east  line  of 
Center  st ^ 

From  sewer  infleaaant  at  at  east 
line  of  allev  north  on  curve  to 
middle  of  ulev,  thence  north  to 
south  line  of  aUey  south' of  Blake- 
ley ave 

From  898  ft  west  of  8  Union  st  in 
B  Fulton  st  southwesterly  to  near 
west  line  of  8  CoUege  ave  at  point 
S63  ft  Bouth  of  E  Fulton  sL 

From  170  ft  north  of  Wealthy  ave  on 
east  line  of  8  Lafayette  st  west 
across  8  Lafayette  st,  thence  south- 
westerly to  sewer  in  Wealthy  ave 
near  west  line  of  Cass  st 

From  160  ft  south  of  Island  st  on 
west  line  of  Jeflbrson  ave  westerly 
to  Sheldon  st  at  point  160  ft  south 
of  Island  st 

From  160  ft  south  of  Island  st  in 
alley  west  of  8  Spring  st  north- 
weeterly  tp  sewer  in  Island  st  at 
west  line  of  8  Ionia  st 

From  south  line  of  Peiffl  st ft 

west  of  west  line  of  Monroe  st 
southerly  to  point  80  ft  south  of 
Louis  st ft  east  of  Caropau  st 


Matkbial 


Brick 


aiaxed  Pipe.. 


Brick... 


Brick 

Brick 
Brick 


Glased  Pipe.. 


Brick 


Brick... 


Stone  k  BrlL 


m 

1 

M 

a 

3 

% 

1 

00 

1 

48x00 

980 

12 

9S0 

• 

90x80 

907 

90x80 

370 

90x80 

800 

94x86 

lUO 

16 

440 

80x48 

B91 

48x60 

948 

74x194 

sum 

1869 


1874 


1878 


1878 


1874 


70-71 


67-68 


1869 


85 


WEST  SroE  SEWER AQE,  MAY  1,  1879. 


8TBBBT. 


AJlen. 

Bowery 

Bowory 

Bridge,  W-. 
Bridge,  W... 
Bridge,  W... 


LOCATION. 


Court 

Biridon,  W 

Fifth. 

Fourth. 

Front,  8 

Fnltoii,W... 
Jefferson,  N, 

Second 

Second. , 

Sibley 


Summer. 
Third.... 


Prom  west  line  of  Winter  st  eaat  in 
center  of  Allen  at  to  tail  race 

From  west  gutter  of  W  Division  st 
st  south  line  of  Bowery  st  east  on 
curve  to  center  of  Bowery  st, 
thence  east  to  Winter  st 

From  east  line  Winter  st  east  in 
north  gutter  to  near  west  line  of 
alley  east  of  Mt  Vernon  st,  thence 
south  on  curve  to  south  line  of 
Bowery  st  at  center  of  alley 

From  70  ft  east  of  Front  st  west  in 
center  of  W  Bridge  st  to  culvert 
at  Winter  st 

From  west  line  of  Stndght  st  east  in 
center  of  W  Bridge  st  to  culvert 
at  Winter  st 

From  point  186  fi  east  of  Fremont 
st  west  in  north  gutter  of  W 
Bridge  st  to  Lane  ave,  thence  to 
iwint  in  east  sutter  of  Lane  ave  at 
south  line  of  W  Bridge  st 

From  point  80  ft  south  of  W  Bridge 
at  south  in  center  of  Court  st  to 
sewer  in  Valley  st 

From  north  gutter  of  Sibley  st  north 
in  west  gutter  of  W  DlviBion  st  to 
south  line  of  Bowery  st 

From  east  line  of  Stocking  st  east  in 
center  of  Fifth  st  (o  the  Turner 
ditch 

From  west  line  of  Stocking  steast 
in  south  gutter  of  Fourth  at  to  the 
Turner  ditch. 

From  south  Une  of  Valley  st  south 
near  center  of  S  Front  st  to  Allen 
St.  thence  on  curve  to  center  of 
Allen  at  near  east  line  of  S  Front 
street 

From  west  line  of  Winter  st  east  in 
center  of  W  Fulton  st  to  Oaaud 
River. 

From  north  line  of  Third  st  south  in 
center  of  N  Jefferson  st  to  center 
of  Second  st 

Wrom  sewer  lu  N  Jefferson  st  east  in 
center  of  Second  st  to  the  Turner 
ditch 

From  west  lino  Scribner  st  west 
la  center  of  Second  st  to  the  Tur- 
ner ditch 

From  west  line  of  Jefferson  st  west 
in  center  of  Sibley  st  to  east  line 
of  Straight  st,  thence  west  to  point 
10  ft  west  of  west  line  of  Straight 
st  and  8  ft  south  of  center  of  Sib- 
ley st 

From  160  ft  north  of  Shawmut  ave 
no:th  in  cent^'r  of  Summer  st  to 
sewer  in  Bowery  st. 

From  west  line  of  Scribner  at  west 
in  center  of  Third  st  to  the  Tur- 
ner ditch 


KnxB. 


Glaxed  Pipe.. 
Brick 


Glared  Pipe. 


Brick 


Qlazed  Pipe.. 
Qlazed  Pliw.. 


Olazed  Pipe. 


Olazod  Pipe.. 
Glazed  Pipe.. 


Glazed  Pipe.. 
Glazed  Pipe 
Glazed  Pipe.. 
Brick 


Brick , 

GUused  Pipe.. 

Brick 

Brick 

Brick 

Brick 

Wood 

Glazed  Pipe.. 

Brick 

Brick 

Brick 

Brick 

Glazed  Pipe.. 


1 

1 
a 

B 

fl 

1 

1194 
24 

18 
72 

15 

506 

72 

710 

12 
15 

412 
828 

12 

1795 

12 

250 
327 

12 

508 

16 

982 

12 

2030 

18x24 

1733 

72 

24 

22xS3 

34x86 

462 

66 

572 

510 

18x24 

397 

18x24 

834 

12x18 

834 

IS 
16x24 
22x33 
24x86 

328 

330 

321 

10 

16x24 

1115 

9 

816 

I 

n 

I 


1872 
1876 


1869 


1876 

1875 
1875 


1870 


1871 
18n 


1878 


1869 


1871 


68-69 


1876 
1875 
1875 
1875 


1867 


1867 


1870 


1877 
1877 
1877 
1877 


1867 


1870 


86 


8TBBXT. 


Tbixd. 
Yallay. 


Winter. 


Alley  bet  Court 
and  Mt  Ver- 
non 0ta. 

AUey  bet  Ctonrt 
and  Ht  Ver- 
non ste. 

Alley  bet  Sum- 
mer and  Mt 
Vernon  sta. 


LOCATION. 


From  eaet  line  of  Bcilbner  at  east  in 
center  of  Third  at  to  oanal 

From  east  line  of  alley  between  Mt. 
Vernon  and  Court  ats  eaat  in  north 

Sitter  of  Valley  st  to  8  Front  st, 
enoeoneorve  to  near  center  of 
8  Front  at  at  aonth  line  of  Valley 
street  

From  south  line  of  W  Bridge  st 
south  in  east  gutter  of  Winter  st 
to  Bowery  st,  thence  on  curve  to 
north  gutter  of  Bowery  st  at  east 
line  of  Winter  at.. 

From  40  ft  north  of  Shawmut  ave 
north  to  sewer  in  Allen  st 

From  south  line  of  Bowery  st  south 
to  north  gutter  of  Valley  st  at  east 
line  of  alley 

From  160  ft  north  of  Allen  st  south 
to  sewer  in  Allen  st 


Kind. 


aiaaed  Pipe.. 


Brick 


Brick 

Glazed  Pipe.. 


Brick 

Olazed  Pipe. 

i;      = 


i 

•  • 

i 

M 

B 

I 

9 

307 

72 

480 

n 

310 

9 

393 

72 

820 

9 

193 

1870 


1876 


1878 
1873 

1876 
1878 


mi'  illfll'tl 


^l,»CTro^^^ 


C5^ 


at^tt  ^ttp  jlg 


^%  0/  '^iMid  'mapidS. 


'^■/6'M 


REPORT 


OF    THE 


CITY    SURVEYOR 


ON 


ADDITIOpL  lJfATEl[  S 


UPPLY 


FOB    THE 


CITY    OF   GRAND    RAPIDS. 


June,  1880. 


GRAND  RAPIDS.  MICHIGAN: 
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To  the  Honorable  Board  of  Public  Works  of  the 
City  of  Grand  Bapids: 

Gentlemen  : — ^I  have  the  honor  to  submit  the  fol- 
lowing report  concerning  the  relative  value  of  vari- 
ous plans  suggested  for  providing  the  city  of  Grand 
.  Bapids  with  an  additional  supply  of  water  for  pubhc 
use,  as  directed  by  a  resolution  of  your  honorable 
Board,  adopted  June  7, 1879,  a  copy  of  which  is  as 
follows : 

"  TVherea^y  The  Common  Council  of  the  city  of 
Grand  Bapids,  at  a  session  May  6, 1879,  authorized 
the  City  Surveyor  to  make  all  necessary  investiga- 
tions, surveys,  plans,  etc.,  to  furnish  full,  complete 
and,  if  possible,  satisfactory  data,  to  enable  the 
Board  to  prepare  and  submit  to  the  Common  Coun- 
cil and  the  pubUc  a  plan  for  procuring  an  abundant 
supply  of  the  best  obtainable  water  for  the  use  of 
the  city  of  Grand  Bapids ;  therefore, 

**  Besolvedy  That  the  City  Surveyor  be  and  is  here- 
by instructed  to  examine  and  report  to  this  Board 
plans  furnishing  all  facts  necessary  to  exhibit  the 
best  method  and  sources  to  procure  an  additional 
supply  of  pure  water,  and  the  probable  cost  of  its 
introduction ;  and,  further, 

^^  Besolvedy    That  the  examination  be  morde  to 
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embrace,  as  possible  sources  of  additional  supply ; 
Lamberton  Creek,  Lamberton  Lake,  Grand  River, 
Coldbrook  Creek  and  lakes  supplying  the  same,  In- 
dian Mill  Creek,  or  any  other  sources  that  promise 
satisfactory  results." 

At  the  time  of  the  passage  of  the  above  resolution 
two  reasons  existed,  either  of  which  was,  perhaps, 
sufficient  to  direct  attention  to  the  betterment  of 
our  water  supply;  and  each  continues  to  exist,  and 
to  become  more  and  more  apparent  to  our  citizens. 
The  first  is,  that  the  water  now  suppUed  is  unsatis- 
factory to  the  pubUc  in  point  of  quality.  Complaints 
from  water  consumers  are  almost  universal.  The 
water  is  invariably  muddy  for  some  time  after  every 
considerable  rain,  and  its  hardness  is  so  great  as  to 
almost  entirely  prevent  its  use  for  domestic  and  in- 
dustrial purposes. 

The  two  creeks  from  which  the  supply  is  drawn 
flow  for  a  considerable  distance  within  the  corporate 
Umits  of  the  city,  one  its  entire  length;  and  this 
fact  leads  many  to  regard  the  water  with  suspicion, 
as  likely  to  become  polluted  by  sewage  from  dwell- 
ings situated  near  the  creeks,  and  thus  made  unsafe 
for  use.  • 

The  quahty  of  the  water  has  operated  powerfully 
against  the  financial  success  of  the  works,  so  that 
now,  after  a  lapse  of  five  years  from  the  completion 
of  the  works,  the  revenue  from  the  sale  of  water  is 
far  short  of  what  is  necessary  to  meet  the  annual 
expenses  of  maintenance  and  the  interest  on  the 
water  bonds. 

Annually  there  must  be  raised  by  general  taxation 
about  $24,000  to  make  up  the  deficit. 
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The  second  reason  referred  to,  was  that  the  pres- 
ent sources  were  fast  becoming  inadequate  to  meet 
the  growing  demand  for  water ;  not  that  it  was  not 
generally  sufficient,  but  that  in  time  of  drought  the 
danger  of  a  water  famine  was  becoming  more  im- 
minent. 

During  the  month  of  August  of  last  year  the  sup- 
ply became  so  reduced  in  amount,  owing  to  a  long- 
continued  drought,  and  the  consumption  so  increased 
from  the  same  reason,  that  it  became  necessary  to 
take  decisive  measures  to  reduce  the  consumption, 
and  thus  avert  a  possible  disaster. 

The  last  annual  report  of  the  engineer  of  the 
pumping  machinery  shows  that,  for  the  ten  days 
ending  September  2,  1879,  the  settling  basin  was 
pumped  dry  every  day,  and  that  the  water  in  the 
distribution  reservoir  fell  from  its  ordinary  level  of 
20  feet,  to  18  feet  3 J  inches. 

During  the  dry  period  above  referred  to,  a  num- 
ber of  measurements  were  made  of  the  flow  of  Car- 
rier Creek,  which  gave  the  following  as  the  amount 
of  the  flow  in  gallons  per  twenty-four  hours  for  the 
dates  named : 

August       25th— 586,350  gallons. 

28th— 575,800      " 
September  10th— 573,000      '' 

12th— 637,900 


a  104.1.      aoT  nnn        a 


The  average  daily  consumption  during  the  ten 
days,  as  shown  by  the  report,  was  1,336,650  gallons, 
and  had  the  consumption  reached  the  average  of 
1,936,650  gallons  per  day,  the  reservoir  would  have 
been  entirely  exhausted.    In  other  words,  had  the 


b  REPORT   OF  CITY  SURVEYOR 

consumption  during  the  period  mentioned  been  600,- 
000  gallons  per  day  more  than  it  actually  was,  the 
reservoir  would  have  been  emptied;  or  had  the 
drought  continued  for  a  short  time  longer,  the  same 
result  might  have  occurred. 

Our  present  system  may  be  briefly  described.  The 
supply  is  drawn  to  the  pumping  station  from  the 
settling  basin  located  in  the  northeastern  portion  of 
the  city,  at  the  junction  of  Coldbrook  and  Carrier 
Creeks. 

The  basin  was,  when  first  built,  suppUed  almost, 
if  not  wholly,  from  Carrier  Creek,  which  furnishes 
water  the  healthful  quahty  of  which  has  not  been 
called  in  question. 

A  connection  with  the  settling  basin  was  made 
from  Coldbrook  Creek,  to  be  used  when  the  supply 
from  Carrier  Creek  should  be  insufficient. 

The  rapidly  increasing  demand  upon  the  water 
soon  made  it  necessary  to  use  the  water  of  Cold- 
brook Ci'eek,  the  quahty  of  which  was  regarded  with 
suspicion,  as  the  creek  flows  for  some  distance 
through  a  well-settled  district,  and  habihty  to  pol- 
lution is  thereby  engendered. 

The  continued  use  of  Coldbrook  water  was  soon 
followed  by  complaints  from  consumers  of  water. 
It  was  not  considered,  however,  until  the  Spring  of 
last  year  that  the  quantity  of  water  which  could  be 
suppUed  was  likely  to  soon  prove  insufficient. 

As  illustrating  the  annual  increase  in  our  water 
consumption,  the  following  table  is  appended,  show- 
ing the  amount  of  water  used  each  year  endmg 
April  30th,  the  annual  per  cent,  of  increase,  and  the 
daily  average  constmiption  for  each  year : 
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endi'g 
April  80. 


1877 
1878 
1879 
1880 


Total  No.  gals,  of 
Water  Pumped. 


237,924,300 
261,169,OT5 
327,413,707 
404,209,900 


Increase  in  gals. 

oyer  PreTious 

Tear. 


13,245,276 
76,244,1^ 
76,796,193 


Per  eentb 

of 
Inoreaee. 


.05 
.30 
.23 


Average  Daily 
Consumption. 


661,023 

688,108 

897,024 

1,107,424 


Before  discussing  the  proposed  sources  of  addi- 
tional supply,  I  shall  endeavor  to  determine,  as  far 
as  possible,  first,  the  quantity  of  water  it  will  be  ad- 
visable to  secure  for  the  future  use  of  the  city; 
second,  to  show  what  is  desirable  and  undesirable, 
so  &r  as  quality  is  oancemed ;  third,  to  state  some 
of  the  general  principIeB  r^aiing  to  the  collection 
and  storage  of  water. 

Undoubtedly  the  best  water  that  can  be  obtained 
in  suflBcient  quantity  should  be  procured,  provided 
the  cost  does  not  place  it  beyond  our  reach. 
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QUANTITY  OF  WATER  REQUIRED. 


The  quantity  of  water  needed  in  the  future  will 
depend  largely  on  the  increased  growth  of  the  popu- 
lation. Although  there  is  no  fixed  ratio  of  con- 
sumption to  population,  the  experience  of  all  cities 
showing  different  results,  still  the  quantity  needed 
can  be  approximately  estimated  when  the  popula- 
tion to  be  suppUed  can  be  determined. 

The  following  table  exhibits  the  growth  of  our 
city  from  1850  to  1879,  as  ascertained  from  the  State 
and  government  census  reports,  and  from  the  annual 
census  of  school  children : 


Actual  popnlat'n, 
State  and  Gk>v't 

No.  of  penoni 

Fopiilation  esti- 

Tear. 

School  Censna. 

for  each 

mated  from 



Oenjius. 

2,686 

Bohool  child. 

School  CeniQB. 

1850 

2,686 

1860 

2,362 

8,084 

3.42 

8,084 

1865 

2,767 



3.43 

9,466 

1869 

4,364 

a      «      •     « 

•     •     •     • 

1870 

4,766 

16,507 

3.46 

16,607 

1871 

6,199 

•  >  •  • 

m       m       m 

M          *         M         « 

1874 

7,961 

26,923 

3.26 

26,923 

1875 

8,400 

B         •        *        • 

3.26 

27,300 

1879 

9,569 

.... 

3.30 

31,645 

The  number  of  persons  to  each  school  child  in 
1860  was  3.42,  in  1870  about  3.46,  the  school  census 
for  that  year  being  estimated  from  that  of  1869  and 
1871,  and  in  1874  the  ratio  was  3.26. 
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The  population  for  1876  and  1879  has  been  esti- 
mated from  the  school  census  of  those  years,  the 
ratio  being  taken  at  3.26  and  3.30.  The  population 
will  be  again  determined  by  government  census  in 
June,  at  which  time  the  population  will  probably  be 
nearly  34,600.  * 

The  following  table  exhibits  the  percentage  of 
growth  for  each  period  of  five  years  of  a  number  of 
American  cities  at  different  stages  of  their  growth. 
It  is  based  on  their  actual  population,  as  taken  from 
the  United  States  census  reports : 

*  Slnoe  this  was  written  the  oensus  has  been  completed,  which  gives  the  popu- 
lation on  June  1  as  39,087. 
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80,000. 


Per 
cl 


Buffalo,  N.Y... 
Brooklyn,  N.Y. 
Oleveland,  O... 
Columbus,  O... 
Clnoinnati,  O. . . 
^'mbriclge,Ma88 

Chicago,  m. 

Detroit,  Mioh.. 

OaytoB^O 

FaUBiTor.MaMM 
Hartford,  Conn. 
Indianapolis,  In 
Louisville,  Ky. 
Lowell,  Mass... 
Lawrence,  liass 

Lynn,  Mass 

Milwaukee,  Wis 
Memphfs,  Tenn 
Newark,  N.J... 
New  Haven,  Con 
Pittsburg,  Pa.. 
Providence.  R.I. 
Paterson,  N.  J.. 
Portland,  Me... 
Boohester,  N.Y. 
Bichmond,  Va. . 

Beadinc,  Pa 

Syracuse,  N.  Y. 
St.  Louis,  Mo.. 

Troy,  N.Y 

Toledo,0 

Wilmington,  Dl 
Woroester,Mas. 

Average 


62 
64 
00 
SO 
37 

23 
02 
47 
23 
09 
IS 
61 
44 
40 
20 
16 
60 
34 
60 
89 
49 
S3 
81 
00 
84 
17 
21 
24 
68 
17 
61 
20 
20 


88 


60,000. 


Per 
ct. 


7O,00a 


Albany,N.  Y...23 
Brooklyn.  N.Y. '64 


Buffalo,  N.  Y. . . 
Cincinnati,  O. . . 
Cleveland,  O... 
Detroit,  Mich.. 
Louisville,  Ky.. 
IAilwaukee,Wis 
Newark,  N.J... 
New  Orleans,La 
New  Haven,Con 
Provid6nce,B.L 
Pittsburg,  Pa.. 
Bochester,  N.Y. 
Bichmond,  Va. . 
St.  Louis,  Mo.. 


89 
68 
46 
82 
26 
26 
86 
49 
14 
9 
33 
14 
16 
117 


Average. 


87 


Albany,  N.Y... 
Brooklyn,  N.Y. 
Buffalo,  N.  Y  . . 
Boston,  Mass.. 
Cincinnati,  O.. 
Cleveland,  O... 
Detroit,  Mich.. 
Lo«iaville,Ky.. 
Bfltwaukee,Wis 
Newurk,  N.  J« . . 


86 
64 
80 
28 
66 
46 
82 
22 
26 
86 


Pittsburg,  Pa.. 
Providence,  B.  I. 
Bochester,  N.Y. 
Stw  Louis,  Mo.. 


46 
81 
117 


Average. 


Per 
ot 


42.9 


100,000. 


Buffalo,  N.  Y. 


ct 


Brooklyn,  N.  Y.  66 

Baltimore,  Md.  18 

Boston,  Maas. . .  21 

Cincinnati,  O...  158 

I 
Louisville,  Ky..ltt 


Newark,  N.J... 
New0rlean8.La 


21 
49 


Provideiioe,B.f.  46 


Philad1phia,Pa 
St.  Louis,  Mo.. 


14 


I 


Average. 


34 
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As  will  be  seen  from  this  table,  the  average  growth 
of  American  cities  having  a  population  of  30,000  has 
been  38  per  cent,  for  each  five  years. . 

At  the  time  the  population  of  each  was  50,000,  the 
average  growth  for  five  years  was  37  per  cent.; 
when  passing  70,000,  42.9  per  cent.,  and  when  pass- 
ing 100,000,  34  per  cent. 

It  would  probably  be  unsafe  to  predicate  a  growth 
for  this  city  much  less  than  the  average.  The  his- 
tory of  its  previous  growth,  the  present  indications 
of  prosperity,  and  the  recent  large  increase  in  the 
number  of  manufacturing  corporations,  would  not 
warrant  such  an  assumption. 

There  is  hardly  a  city  in  the  United  States  that 
is  not  lamenting  that  the  projectors  of  its  water 
works  system  underestimated  the  future  population, 
and  consequent  demand  for  water. 

Assuming  the  future  growth  of  Grand  Bapids 
during  the  present  century  to  be  33J  per  cent  for 
each  five  years,  we  have  the  following  as  the  esti- 
mated population  in  the  immediate  future : 

Tear.  Popnlatton. 

1880 34,600 

1885 46,000 

1890 61,333 

1895 81,777 

1900 109,036 

The  past  growth  of  the  city  has  been  as  follows, 
expressed  in  per  cent,  of  increase  for  each  five  years : 

From  1850  to  1860 73  per  cent. 

"     1860  "  1870 43 

".     1870  "  1875 65 


(( 


"     1876  "  1880 25       " 


12  ,  REPOBT  OF  CITY  SUBVEYOB 

Assuming  that  the  future  increase  will  be  no  more 
rapid,  but  equal  to  that  of  the  last  five  years,  which 
have  covered  a  period  of  great  financial  depression, 
namely,  25  per  cent.,  we  have  a  future  estimated 
population  as  follows : 

Year.  Population. 

1880 34,600 

1885 43,125 

1890 53,906 

1895 67,382 

1900 84,227 

I  am  of  the  opinion  that  it  would  be  unwise  to 
construct  permanent  works  that  would  not  furnish, 
in  the  year  1900,  sufficient  water  for  100,000  people, 
or  that  were  not  essential  portions  of  a  system  that 
would,  when  completed,  furnish  such  an  amount. 

The  earUer  estimates  of  American  engineers  al- 
lowed from  50  to  60  gallons  as  the  average  amount 
of  water  needed  per  day  per  individual,  and  those 
estimates  have,  in  nearly  all  the  larger  cities,  proved 
too  small. 

The  following  table,  from  the  annual  report  of  the 
Boston  Water  Board,  1879,  shows  the  average  quan- 
tity of  water  used  per  day  per  individual  in  various 
American  cities : 
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cm. 


Chicago 

Detroit 

Buffalo 

Toronto 

Boston  (Mystic  works) 

Boston  (Cochituate  works) 

Boston  (Cochituate  and  Mystic) 

Montreal 

Brooklyn 

Philadelphia 

Cincinnati 

St.  Louis 

Cleveland 


Cambridge 
Milwaukee 
Lawrence  . 
Columbus  . 
Hochester . 

Lynn  . 

LoweU 

Fall  Biver. 
Providence 


1877440,000 
1877 110,200 
1877 135,000 
1877  75,000 
1877 110,000 
1877280,000 
1877390,000 
1877 130,000 
1877486,000 
1877817,600 
1877|280,000 
1877400,000 
1877 136,000 
1877  48,000 


1877 
1877 
1876 
1877 
1877 
1877 
1877 
1877 


130,000 
36,000 
34,000 
82,000 
32,600 
60,000 
45,000 

100,000 


119 
106 
87 
77 
76 
74 
74 
69 
63 
68 
67 
66 
66 
66 
63 
44 
43 
36 
34 
33 
26 
26 


It  is  probable  that  our  consumption  is  not  hkely 
to  exceed  60  gallons  per  day  per  capita  during  the 
pi^Bsent  century,  and  henoe  it  may  be  assumed  with 
considerable  safety  that  aOO.OOO  x  60)  6,000,000  gal- 
lons per  day  is  a  reasonable  estimate  of  the  average 
daily  consumption  in  the  year  1900. 

The  present  average  daily  consumption  is  about 
38  gallons. 

The  future  consumption  may  be  assumed  as  fol- 
lows: 
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Year. 

Population.. 

OoiiBiiinption. 

1886 
1890 
1896 
1900 

46,000 
61,000 
82,000      ■ 
109,000 

2,760,000 
3,660,000 
4,920,000 
6,640,000 

So  far  as  average  daily  consumption  per  individual 
is  concerned,  I  am  well  assured  that  the  estimates 
above  given  are  entirely  safe.  I  am  quite  of  the 
opinion  that  the  next  twenty  years. will  witness  a 
more  general  introduction  of  water  meters,  which 
have  been  found  to  restrict  consumers  of  water  to 
its  legitimate  use.  It  is  also  quite  probable  that  the 
water  meter  will  also  be  so  improved  and  cheapened 
as  to  make  it  in  the  interest  of  the  water  taker  to 
purchase  his  own  meter,  and  thus  avoid  the  pay- 
ment of  such  rates  as  are  made  necessary  by  his 
neighbor's  wasteful  use. 


QUALITY. 

The  question  of  quahty  is  one  of  the  most  import- 
ant which  we  have  to  examine. 

The  future  health  and  comfort  of  the  people,  and 
the  future  commercial  and  industrial  prosperity  of 
our  city,  are  probably  more  dependent  upon  a  satis- 
factory solution  of  this  question  than  any  other 
which  affects  our  condition. 

All  natural  waters  are  more  or  less  charged  with 
foreign  substances.  The  rain  absorbs  them  from 
the  atmosphere.  The  water  falling  upon  the  sur- 
face of  the  earth  dissolves  and  takes  into  solution 
portions  of  almost  every  substance  with  which  it 
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comes  in  contact.  Owing  to  its  high  specific  grav- 
ity, it  Hits  up  and  holds  in  suspension  often  a  large 
amount  of  foreign  matter. 

It  is  important,  therefore,  to  know  what  impuri- 
ties are  most  to  be  avoided,  how  they  may  be 
avoided,  and  how  they  may  be  or  are  destroyed 
when  once  they  find  their  way  into  our  water  supply. 

It  is  desirable  that  the  water  furnished  should  be 
at  all  times  wholesome  and  safe  in  use,  clear  and 
limpid,  and  as  free  as  possible  from  foreign  sub- 
stances that  would  render  it  undesirable  for  domes- 
tic and  manufacturing  purposes. 

The  foreign  matters  found  in  natural  waters  are 
divided  into  two  classes,  inorganic  and  organic,  the 
fi.rst  consisting  of  the  products  of  mineral  substances, 
the  second  of  animal  and  vegetable  substances. 

It  is  not  difficult  to  say  whether  or  not  a  water  is 
wholesome  by  reason  of  the  inorganic  substances 
which  it  may  contain,  when  these  have  been  deter- 
mined. Thus,  if  a  water  is  known  to  contain  an 
appreciable  amount  of  any  poisonous  metal,  as  lead, 
arsenic  or  antimony,  no  doubt  would  exist  as  to  its 
dangerous  quahty. 

The  study  of  organic  matters,  however,  presents 
greater  difficulty.  Organic  matters  are  divided  iato 
two  classes :  animal,  derived  from  the  products  of 
animal  life,  and  the  decomposition  of  animal  sub- 
stances ;  and  vegetable,  derived  from  the  solutiona 
and  decompositions  of  vegetable  substances. 

Vegetable  organic  matter  in  water  is  not  generally 
considered  harmful,  except,  possibly,  when  in  cer- 
tain stages  of  decomposition.  Animal  organic  mat- 
ter, on  the  other  hand,  especially  from  sewage  or 
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the  waste  from  human  beings,  is  the  most  fearful  of 
all  pollution,  and  the  most  difficult  to  destroy. 

Hence,  it  is  important,  in  speaking  of  organic 
matter,  that  the  kind^  whether  animal  or  vegetable, 
should  not  be  lost  sight  of ;  for  it  is  of  vastly  more 
importance  to  know  the  kind  or  character  of  the 
organic  matters  in  water  rather  than  simply  the 
amount.  Thus,  a  cup  of  tea  or  coffee  is  simply  wa- 
ter highly  charged  with  vegetable  organic  matter, 
and  if  not  in  a  state  of  decomposition,  it  is  usually 
considered  wholesome.  On  the  other  hand,  a  glass 
of  distUled  water  polluted  with  an  almost  infinitesi- 
mal amount  of  infected  sewage  would  be  dangerous 
in  the  highest  degree,  while  a  simple  statement  of 
the  amount  of  organic  matter  it  contained  would 
excite  no  suspicion  whatever.  Hence,  it  might  be 
said  jihat  the  quantity  of  organic  matter  is  not  al- 
ways a  guide  to  a. correct  opinion. 

There  is  at  present  no  method  known  by  which 
the  total  amount  of  organic  matter  in  water  can  be 
determined,  and  it  is  not  possible  to  ascertain  pre- 
cisely the  kind  and  condition  of  those  portions  which 
do  yield  to  the  chemist's  tests. 

So  accustomed  are  many  people  to  this  expres- 
sion, "organic  matter,"  that  it  is  well  to  insist  that 
the  term  is  one  which  conveys  but  little  real  mean- 
ing. The  history  of  a  water  and  its  surroundings  is 
in  all  doubtful  cases  necessary  to  a  correct  opinion 
as  to  its  quaUty. 

Water  is  a  most  potent  vehicle  for  the  transmis- 
sion of  disease,  or  that  "  something  "  which  produces 
it.  Whether  sickness  is  induced  by  Uving  organ- 
isms, which  develop  and  thrive,  perhaps,  at  the  ex- 
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pense  of  our  liyes ;  or  by  decompositions  set  up  in 
our  systems  by  decomposing  substances  that  we 
may  eat^  drink  or  inhale,  the  fact  remains  that,  if 
our  drinking  water  has,  from  the  time  when  it  was 
first  condensed  in  the  clouds  to  the  time  when  it 
passes  into  the  human  system,  while  in  its  devious 
passages  through  ^pil,  creek  or  well,  encountered 
any  products  of  decomposing  animal  matter  or  sew- 
age, it  takes  up  and  transmits  to  us  certam  elements 
which  render  it  dangerous  to  human  health. 

So  important  is  this  fact  that  every  person  should 
advise  himself  of  the  history  of  the  water  which  he 
drinks.  Near  Over-Darwin,  England,  a  person  who 
had  contracted  typhoid  fever  came  home  and  died. 
The  dejecta  of  this  patient  were  thrown  into  a  closet 
which  drained  into  an  adjacent  field.  Through  this 
iield  was  laid  a  concrete  water  main,  which  con- 
veyed the  town  supply.  This  mam  was  not  tight, 
and  some  of  the  sewage  from  the  closet  penetrated 
through  the  water  pipe,  and  in  this  way  was  con- 
veyed to  the  people  in  the  town.  The  violence  of 
the  outbreak  of  typhoid  fever  attracted  universal 
attention.  In  a  short  time  two  thousand  and  thirty- 
five  persons  were  attacked,  and  one  hundred  and 
four  died. 

Of  vegetal)le  organic  matter,  it  may  be  said,  gen- 
erally, that  the  less  of  it  in  potable  waters  the  better. 
As  shown  in  the  cup  of  tea,  a  lar^e  amount  may  be 
harmless,  as  would  a  large  amount  of  animal  or- 
ganic matter  be  when  in  a  wholesome  state,  as  in 
beef  tea. 

Peaty  waters  are  regarded  as  wholesome.  Water 
from  the  Dismal  swamp,  called  juniper  water,  is  as 
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highly  colored  as  pale  brandy,  yet  it  has  been  in 
high  repute  for  supplying  ships,  and  found  to  be 
healthy  to  use.  On  the  other  hand,  it  is  considered 
that  natural  waters  containing  a  large  quantity  of 
dissolved  vegetable  matter,  or  vegetable  matter  in 
suspension,  have  been  known  to  cause  sickness,  and 
it  has  been  popularly  acknowledged  to  be  productive 
of  malarious  diseases. 

It  is  considered  that  vegetable  matters  in  water 
in  various  stages  of  decomposition  are  hkely  to  pro- 
duce disease,  or  a  low  physical  condition  which  may 
open  the  door  to  diseases  of  a  very  diiferent  char- 
acter than  those  usually  attributed  to  unwholesome 
water,  and  as  it  is  not  entirely  possible  for  the  chem- 
ist to  determine  upon  the  particular  condiUon  of  the 
organic  matter  in  a  water,  and  particularly  as  these 
conditions  are  as  changing  as  the  clouds  or  winds, 
it  follows  that  the  greatest  freedom  from  organic 
matter  is  desirable,  even  if  it  is  generally  a  harmless 
constituent. 

Natural  waters  adapted  for  city  supphes  usually 
fall  under  one  of  the  following  heads  : 

Bain  water. 

Upland  surface  water. 

Surface  water  from  cultivated  lands. 

Shallow  well  water.  ^ 

Deep  well  water,  and 

Spring  water. 

Bain  water  collected  on  clean  surfaces  is  compara- 
tively pure,  although  often  containing  ammoniacal 
salts,  carbonic  acid  and  organic  matter. 

Upland  surface  waters  contain,  usually,  a  con- 
siderable amount  of  mineral  and  organic  substances, 
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being  largely  influenced  by  the  nature  of  the  soils 
over  and  through  which  the  water  passes. 

In  surface  water  from  cultivated  lands,  the  foreign 
matters  may  be  very  great,  and  such  waters  may  be 
dangerously  contaminated  from  the  applications  of 
the  various  manures. 

In  shallow  well  waters,  impurity  of  all  kinds  is, 
as  a  rule,  greatly  increased,  a  shallow  well  being,  to 
a  certaiQ  extent,  a  drain  for  the  surrounding  soil. 
Such  water,  although  often  most  disgustingly  con- 
taminated, is  usually  bright,  sparkling  and  pala- 
table, the  saUne  flavor  due  to  the  salts  in  solution, 
and  which  is  sometimes  very  pronounced,  being 
often  much  approved  by  those  who  are  accustomed 
to  it."  {Lippincotfs  New  Encyclopedia  of  Chem- 
istry.) 

Deep  well  waters  frequently  contain  much  min- 
eral, but  generally  but  httle  organic  matter,  this 
having  been  removed  by  oxidation  in  passing  through 
the  soil. 

Spring  waters  closely  resemble  the  preceding 
class,  their  conditions  being  ahnost  identical. 

All  the  waters  which  have  been  proposed  for  addi- 
tional supply  are  very  variable  in  point  of  quahty, 
becoming  highly  charged  with  foreign  substances 
T^dth  every  considerable  increase  of  volimie.  The 
river  is  a  famihar  example,  becoming  turbid  after 
every  heavy  rain,  and  its  turbidity  lasting  often  for 
considerable  periods. 

It  will,  therefore,  be  necessary  to  employ  means 
of  purification. 

The  principal  operations  carried  out  on  the  great- 
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est  scale  by  nature  for  the  purification  of  surface 
waters  are — 

Filtration. 

Subsidence  and  Precipitation. 

Thus,  water  falling  upon  the  earth's  surface  and 
there  becoming  loaded  with  dissolved  products  of 
vegetation  and  soluble  earths,  is  rendered  clear 
again  by  percolating  through  sandy  or  porous  strata, 
the  foreign  organic  matters  being  removed  from  the 
water  chiefly  by  mechanical  m^ans.  The  conditions 
necessary  for  furnishing  small  quantities  of  clear 
and  cool  spring  water — that  is,  water  filtered  by 
natural  processes — ^may  be  found  in  very  many  locali- 
ties, and  hence  such  waters  are  popularly  in  much 
repute.  Such  spring  waters  often  contain,  however, 
such  amounts  of  dissolved  mineral  matters  as  ren- 
der them  undesirable  for  domestic  or  manufacturing 
purposes. 

Not  less  important  are  the  natural  processes  of 
subsidence,  precipitation  and  oxidation  for  purifying 
surface  waters.  The  waters  of  many  of  our  favorite 
lakes  have  been  clarified  by  these  natural  processes. 

When  the  turbid  and  often  highly  colored  waters 
of  a  storm-swollen  stream  are  discharged  into  a  great 
lake  or  reservoir,  the  heavier  particles  of  suspended 
matter  sink  to  the  bottom,  carrying  with  them 
hghter  substances  that  might  otherwise  remain  for 
a  much  longer  time  in  suspension.  Organic  mat- 
ters are  brought  in  contact  with  atmospheric  oxygen 
contained  in  the  water,  and  thus  destroyed  or  bro- 
ken up,  and  converted  into  harmless  gases  which 
pass  into  the  atmosphere,  and  mineral  residues 
which  sink  to  the  bottom  of  the  water. 
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Natural  waters  are  sometimes  rendered  impure  by 
the  growth  of  minute  animal  and  vegetable  Ufe. 
Stored  waters  in  natural  or  artificial  lakes  are  Hable, 
under  certain  conditions,  to  acquire  an  unpleasant 
taste  or  odor,  the  causes  of  which  have  not  been 
definitely  ascertained.  It  has  been  thought  that 
the  minute  organisms,  which  sometimes  multiply 
with  astonishing  rapidity,  give  rise  by  their  speedy 
death  and  decay  to  that  which  causes  the  trouble. 

A  study  of  the  microscopic  animal  life  in  water  is 
often  of  value  as  affording  an  index  to  its  condition, 
certain  species  being  rarely  found  except  in  water 
that  is  confessedly  unwholesome  or  polluted,  while 
other  species,  by  their  presence,  would  indicate  that 
the  water  was  of  a  desirable  quahty. 

Waters  stored  in  recently  constructed  impound- 
ing reservoirs  are  hkely  to  acquire  an  objectionable 
amount  of  color,  which  arises  from  the  decomposi- 
tion of  vegetable  matters,  which  are  not  always 
removed  before  the  water  is  impounded.  It,  has 
been  found,  however,  that  this  difficulty  ceases  after 
a  few  years,  the  organic  matters  in  the  bottom  of  the 
lake  becoming  entirely  decomposed,  or  their  soluble 
parts  dissolved  out. 

Should,  however,  the  lake  have  an  undue  propor- 
tion of  shallow  flowage,  which  facihtates  the  growth 
of  minute  animal  and  vegetable  life,  this  desirable 
result  might  not  be  reahzed. 

HABDNESS. 

Certain  foreign  substances  in  water  give  it  the 
power  of  destroying  soap.  This  quaUty  is  known  as 
** hardness,"  and  is  usually  expressed  in  degrees, 
each  degree  on  Clark's  scale  being  equivalent  to 
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that  hardness  produced  by  dissolving  one  grain  of 
pure  carbonate  of  hme  in  one  imperial  gallon  of  dis- 
tilled water. 

Thus  a  water  of  twelve  degrees  of  hardness, 
Clark's  scale,  is  water  having  a  soap-destroying 
power  equal  to  that  produced  in  one  imperial  gallon 
of  distilled  water  by  dissolving  therein  twelve  grains 
of  pure  carbonate  of  Ume.  Water  of  two  or  three 
degrees  of  hardness  is  called  soft  water.  When  the 
hardness  reaches  twelve  or  fifteen  degrees  it  is  ex- 
cessive,  and  the  value  of  the  water  is  greatly  reduced 
for  detwgent  and  many  manufacturing  purposes. 

When  hard  water  is  boiled,  carbonic  acid  gas  is 
driven  oS  and  carbonate  of  Ume  is  precipitated, 
forming  fur  or  scale,  the  bane  of  steam  users.  The 
hardness  is,  by  the  process  of  boiUng,  reduced,  and 
the  hardness  which  remains  and  cannot  be  removed 
by  boiling  is  called  the  "  permanent  hardness,"  as 
opposed  to  the  "temporary  hardness,"  which  boil- 
ing removes. 

A  great  deal  of  discussion  has  occurred  relative  to 

the  sanitary  values  of  hard  and  soft  waters.  It  has 
been  asserted  that  hard  waters  produce  and  aggra- 
vate certain  diseases,  as  calculus,  goitre,  urinary 
and  dyspeptic  affections,  and  many  statistics  have 
been  prepared  to  estabUsh  the  facts.  It  has  also 
been  asserted  that  a  certain  amount  of  lime  salts  is 
essential  to  proper  health  and  development.  The 
best  conclusion  seems  to  be  that,  *' while  waters  of 
"excessive  hardness  may  possibly  be  injurious,  it 
"appears   that,  apart   from   these,  waters   of  all 
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degrees  of  hardness  are  equally  wholesome,  other 

conditions  being  similar."  (Lippincotfs  New  En- 
cyclopedia  of  Chemistry.) 

Hard  waters  may  be  deprived  of  their  temporary 
hardness  by  boiling,  by  the  introduction  of  carbon- 
ate  of  soda,  and  by  the  lime-softening  process  of  Dr. 
Clark,  which  will  hereafter  be  more  fully  described. 

Partial  analyses  have  been  made  of  the  varioas 
watem  which  have  been  propoBed  for  additional 
supply  by  Hugo  Thum,  Ph.  0.,  whose  report  will  be 
found  in  the  appendix. 

The  method  used  for  determining  organic  matters 
has  been  that  known  as  the  ammonia  process  of 
Wanklyn  and  Chapman,  which  is  now  in  general 
use  in  this  country.  The  method  consists  in  first 
boiling  the  water  with  carbonate  of  sodium  to  drive 
out  the  ammonia,  which  is  derived  chiefly  from  the 
decomposition  of  organic  matter,  and,  second,  by 
converting  the  remaining  nitrogen,  which  is  in  com- 
bination with  other  elements  in  the  organic  matter, 
into  ammonia,  by  boiling  it  with  a  strongly  alkaline 
solution  of  potassic  permanganate.  This  latter  is 
called  the  ^'  albuminoid  "  ammonia,  to  distinguish  it 
from  the  free  ammonia  first  expelled,  because  all  the 
nitrogen  in  albumen  can  thus  be  converted  into 
ammonia. 

An  examination  of  the  chemist's  report  wiU  show 
that  the  waters  from  the  various  sources  examined 
are,  to  a  certain  extent,  of  the  same  general  charac- 
ter, and  that  the  normal  amounts  of  organic  matter 
are  higher  than  is  desirable. 
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It  may  be  well  to  say  here,  however,  that  no  evi- 
dence of  sewage  pollution,  or  of  contamination  from 
animal  organic  matters,  has  been  noticed,  and  that, 
substantially,  all  of  the  organic  matters  indicated 
by  the  results  may  be  regarded  as  of  vegetable 
origin. 

In  o;rder  that  comparisons  may  be  made  with 
other  waters,  a  table  is  annexed  showing  the  restdts 
of  similar  analyses ;  but  in  examining  this  table,  it 
should  be  remembered  that  each  water  is  hable  to 
wide  variations  at  different  times,  and  that,  unless 
the  conditions  and  characteristics  of  each  specimen 
are  known,  fair  comparisons  are  impossible.  The 
table  will,  however,  be  of  interest  to  those  who  are 
interested  in  the  subject. 
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STORAGE  AND  COLLECTION, 


With  the  exception  of  the  river,  all  of  the  sources 
that  have  heen  proposed  are  not  of  sizes  which  as- 
sure a  sufficient  quantity  of  water  for  our  future  use 
without  special  examination,  and,  therefore,  it  may 
be  well  to  state  some  of  the  facts  which  have  to  do 
with  the  subject  of  water  supplies  in  general,  their 
quantities  and  characteristics  of  flow. 

The  source  of  all  water  supply  is  found  in  the  rains 
and  snows  which  fall  upon  the  surface  of  the  earth, 
and,  although  the  statement  may  seem  to  express  a 
fact  apparent  to  all,  its  careful  consideration  may 
enable  us  to  avoid  error. 

I  meet  persons  who  seem  to  think  that  a  broad 
expanse  of  water-soaked  earth,  dotted,  perhaps,  with 
numerous  springs,  is  a  possible  source  of  water,  and 
that  it  is  o4  necessary  to  tap  such  springs  to  draw 
from  the  mysterious  regions  of  the  earth  inexhausti- 
ble supphes.  A  part  of  the  water  precipitated  upon 
the  earth  flows  over  its  surface  into  the  brooks  and 
rivers  as  surface  water ;  another  portion  sinks  into 
porous  strata  to  reappear  in  springs ;  another  portion 
is  absorbed  by  growing  vegetation. 

From  the  time  a  drop  of  rain  falls  upon  the  earth 
imtil  it  reaches,  by  spring,  rivulet,  creek  or  river. 
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the  paxent  source,  the  ocean,  its  course,  when  not 
confined,  as  in  pipes,  is  continually  downward  and 
never  upward,  until  it  is  caught  up  as  vapor  by  the 
evaporating  power  of  the  sun's  rays.  Hence,  we 
find  for  every  spring,  lake  or  river,  gathering  grounds 
or  catchment  areas  exposed  to  the  falling  rains, 
which  are  located  on  higher  levels  than  the  water 
under  examination. 

It  is  a  fact  now  well  esMbdidied  that  the  amount 
of  water  which  annually  flows  from  a  vptmg  oc  akmg 
a  creek  or  river  bears  a  direct  relation  to  the  area 
drained.  The  larger  the  drainage  area  the  greater 
will  be  the  quantity  of  water  drained  away. 

Of  the  water  faUing  upon  the  surface  of  the 
ground,  a  part  is  returned  to  the  atmosphere  by 
evaporation,  and  thus  lost  for  purposes  of  supply, 
the  amount  evaporated  depending  upon  a  multitude 
of  complex  conditions  which  it  is  unnecessary  to 
consider  here. 

If,  then,  it  is  practicable  to  determine  the  area 
drained  by  any  stream,  the  amount  of  rainfall  that 
is  precipitated  upon  it,  and  the  percentage  that  wiU 
be  lost  by  evaporation,  etc.,  then  it  is  possible  to 
predict,  within  fairly  accurate  hmits,  the  annual 
yield  of  the  stream  for  purposes  of  supply. 

Long  continued  observations  in  this  and  other 
counties  go  to  show  that,  of  the  total  mean  annual 
rainfall,  there  may  be  collected  approximately  as 
follows : 

From  steep,  rocky  slopes,  80  to  90  per  cent. 

From  swampy  lands,  60  to  80  per  cent. 
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From  undulating  pasture  and  wood,  50  to  70  per 
cent. 

From  flat  cultivated  lands  and  prairie,  45  to  60 
per  cent.    {Fanning' 8  Water  Supply  Engineering.) 

The  amount  of  water  that  may  be  secured  from  a 
given  stream  for  purposes  of  public  water  supply  is, 
therefore,  limited  to  the  amount  of  rainfall  upon  its 
gathering  grounds,  subject  to  deductions  as  above 
indicated,  and  which  amount  to  from  20  to  60  per 
cent,  of  the  total. 

It  is  also  held,  on  the  other  hand,  that  the  amount 
of  rainfall  collectable  in  the  stream  is  not  properly 
a  percentage  of  the  annual  rainfall,  but  that  the  an- 
nual loss  by  evaporation,  etc.,  is  more  properly  a 
fixed  quantity,  although  varying  within  considerable 
limits,  and  the  latter  opinion  seems  to  be  the  best 
estabUshed  by  the  experience  which  has  been  gained 
from  long  observation.  As  the  annual  rainfall  fluc- 
tuates within  wide  Umits  from  year  to  year,  and  the 
monthly  rainfall  varies  widely  from  the  average,  a 
careful  study  of  the  same  becomes  of  the  greatest 
importance. 

The  safe  measure  of  a  stream  for  purposes  of 
supply  is  its  measure  during  the  year  when  the  least 
amount  of  water  flows  through  it ;  and,  as  the  daily 
flow  is  frequently  greatest  when  the  demand  for 
water  is  least,  and  least  when  the  demand  for  water 
may  be  greatest,  the  necessity  arises  for  the  storage 
of  the  surplus  water  in  wet  periods :  that  is  to  say, 
in  order  to  make  available  the  entire  yield  of  the 
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stream  in  any  year,  it  is  necessary  to  provide  stor- 
age room  in  which  to  hold  the  surplus  pr  storm 
waters. 

In  determining,  therefore,  upon  the  quantity  that 
may  be  depended  on  from  a  given  stream  under  any 
and  all  unfavorable  conditions  that  may  occur,  two 
practical  questions  arise : 

First — What  quantity  of  water  will  reach  the 
storage  pond  during  the  year  of  least  flow,  which  is 
not  necessarily  the  year  of  least  rain  ?  and, 

Second — What  storage  capacity  is  necessary  to 
secure  the  same  without  loss  ? 

The  following  tables  exhibit  the  annual  rainfall 
for  the  years  named  at  Lansing,  Detroit,  Grand 
Haven  and  Grand  Rapids.  The  observations  in 
Grand  Rapids  were  made  by  Mr.  Louis  H.  Strong ; 
those  at  Lansing  by  Prof.  R.  C.  Kedzie,  and  those 
at  Detroit  and  Grand  Haven  by  the  United  States 
Signal  Service: 
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ANNUAL    RAIN    FALU 


Yean. 


1863 

1864 

1865 

1866 

1867 

1868 

1869 

1870 

1871 

1872 

1873 

1874, 

1875, 

1876, 

1877. 

1678. 

1879. 

1880. 


Qd.  Bapids. 

Lansing. 

Detroit. 

19.72 
28.37 
29.82 
39.45 

.•••••. 

24.55 
26.95 
33.15 

■   *•■•• 

36.77 

37.76 

30.93 

27.21 

34.52 

26.85 

35.06 

31.74 

34.00 

29.03 

22.96 

26.63 

33 .  87 

28.44 

33.71 

35.13 

30.55 

40.40 

Hi .  78 

37.42 

35.23 

35.85 

31.99 

43.39 

29.96 

•  •  •  •  ■ 

37.17 

88.16 

29.64 

35.79 

Gd.  Haven. 


*  5.46 

t 3 1.34 

t24.34 

§23.15 

|27.13 

46.29 

36.03 

33.74 

35.48 

-17.28 


29.50 


*  Three  months ;  t  Eleven  months ;  X  Nine  months ;  8  Bight  months ;  I  Ten 
months;  -Five  months. 

It  is  somewhat  unf  orttmate  that  the  raiiif  all  tables 
for  this  section  do  not  cover  a  longer  period  of  years, 
as  it  is  only  by  long-oontiiiued  observations  that  we 
are  sure  of  obtaining  the  rainfall  of  the  lowest  year. 
The  least  noted  at  Lansing  was  22.96  inches  in 
1874,  and  the  least  in  Grand  Bapids  was  29.03  inches, 
in  the  same  year.  I  think  as  low  as  20  inches  have 
been  observed  at  Detroit,  but  the  record  is  not  at 
hand.  The  least  rainfall  in  Milwaukee  in  a  period 
of  twenty-three  years  was  20.64  inches. 
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I  think  it  wOuld  foe  unwise  to  foase  calculations  on 
a  minimum  rainfall  of  more  than  20  inches. 

In  the  Eastern  States  it  has  been  customary  to 
calculate  on  about  15  inches  as  the  amount  which 
might  be  collected  in  a  dry  year,  but  it  is  now  con- 
sidered that  12  inches  is  all  that  can  be  safely  reUed 
on,  the  least  rainfall  being  about  35  inches. 

The  measurement  of  the  flow  of  Lamberton  Creek 
showed  that,  during  July,  August,  September  and 
October  of  last  year,  the  amount  of  water  in  the 
stream  averaged  about  0.34  of  an  inch  in  depth  per 
month  over  the  drainage  area,  and  if  the  same  aver- 
age flow  had  continued  during  the  year,  only  4.08 
inches  could  have  been  collected. 

But  this  flow  at  times  was  very  small,  and  the 
rainfall  for  the  six  months  preceding  was  less  than 
for  any  period  of  six  months  of  which  I  have  any 
record. 

From  the  best  information  at  my  disposal,  I  am 
of  the  opinion  that  it  will  probably  be  safe  to  make 
calculations  on  nrue  inches  as  the  annual  depth  of 
water  on  the  drainage  area,  or  428,500  gallons  per 
day  per  square  mile,  as  the  average  amount  collecti- 
ble from  such  districts  as  we  have  to  consider. 

In  regard  to  the  amount  of  storage  capacity  re- 
quired, experience  has  demonstrated  that,  in  order 
to  make  available  the  entire  yield  of  the  dry  est  year, 
about  one- third  of  the  total  yield  must  be  stored ; 
and  to  make  available  the  average  of  the  three  dry- 
est  consecutive  years,  which  is  one-sixth  less  than 
the  yearly  average  of  a  long  term  of  years,  about 
one-half  of  one  year's  supply  must  be  stored. 

Three  and  one-half  inches  deep  over  the  area 
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drained  will  probably  furnish  sufficient  storage  for 
the  dryest  year  or  year  of  least  flow,  or,  in  round 
numbers,  61,0(X),00(gallons  per  square  mile  of  area 
drained. 

In  England,  storage  reservoirs  have  been  built  to 
utilize  the  flow  of  the  three  dryest  consecutive 
years. 

The  following  is  the  reservoir  capacities  of  some 
EngUsh  water  works,  expressed  in  miUion  gaUons 
per  square  mile  of  drainage  area : 

Manchester  Water  Works 117 

Liverpool 233 

DubUn 123 

Glasgow,  Loch  Katrine  district 145 

Gorbal's  ''      252 
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LAMBERTON  LAKE  AND  CREEK. 


Lamberton  Lake  maybe  called  the  popular  fa- 
vorite source  for  future  additional  supply.  It  is 
considered  by  our  citizens  generally  as  a  body  of 
beautifully  clear  and  cool  water,  whose  excellence 
was  beyond  question. 

I  have  carefully  examined  this  source  with  refer- 
ence to  the  quantity  of  water  it  could  furnish,  in 
connection  with  the  creek.  Lamberton  Lake  is 
situated  on  sections  4  and  6  in  the  township  of 
Grand  Eapids,  and  is  two  miles  north  and  one  mile 
east  of  the  northeast  comer  of  the  city. 

It  is  supplied  principally  from  an  inlet  which 
comes  from  Button  Lake,  situated  a  short  distance 
east.  Its  outlet  flows  south  a  short  distance,  where 
it  unites  with  the  south  branch  of  Lamberton  Creek. 
The  south  branch  of  Lamberton  Creek  starts  from 
Mud  Lake,  which  is  about  one  and  one-quarter 
miles  southeast  from  Lamberton  Lake.  It  flows 
westerly  and  northwesterly,  uniting  with  the  Lam- 
berton Lake  outlet,  and  thence  flows  westerly  to 
Grand  Kiver. 

In  order  to  determine  experimentally  the  flow  of 
these  sources,  two  measuring  weirs  with  thin  gal- 
vanized iron  overfalls  were  constructed,  and  one 
located  on  the  south  branch  of  Lamberton  Creek, 
the  other  on  the  main  stream  a  short  distance  below 
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the  upper  Plainfield  road.  Hook  gauges  with  suit- 
able vemeir  plates  were  provided,  so  that  the  depth 
of  water  flowing  over  the  weirs  could  be  determined 
to  the  nearest  thousandth  part  of  a  foot,  and  means 
were  also  provided  for  contracting  the  overfall  dur- 
ing times  of  low  water,  so  as  to  reduce,  as  far  as  pos- 
sible, the  liability  to  error. 

The  difference  of  flow  between  these  two  stations 
gives  approximately  the  flow  for  Lamberton  Lake 
itself,  for  which  no  measurements  were  directly 
taken. 

Measurements  were  commenced  July  1,  and  were 
continued  until  the  10th  of  December.  One  hun- 
dred and  forty-nine  measurements  were  made  at  the 
lower  weir,  and  eighty-seven  at  the  upper  weir. 

The  following  table  shows  the  estimated  discharge : 

MoNTffljY  Flow  of  Lamberton   Creek,  at  Upper 

Plainfield  Boat,  1879. 


MONTH. 


July 

August  . . . 
September 
October . . . 


Total  DifiohAXge,  gals. 


46,421,400 
41,463,970 
62,129,350 
61,562,280 


At 
DaUy 


«raaa 
rnow. 


1,497,465 
1,337,547 
2,070,978 
1,985,880 


The  following  shows  the  estimated  flow  of  the 
south  branch  of  Lamberton  Creek  during  the  same 
time: 


MONTH. 


July 

August  . . . 
September 
October . . . 


Total  DlBofauge,  gals. 


12,807,800 
11,947,700 
16,900,420 
14,943,500 


Avenge 
Daily  Fk>w. 


413,155 
385,410 
563,347 
482,050 
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The  estimated  discharge  for  Lamberton  Lake 
during  the  same  period  is  as  follows : 


MONTH. 


July 

August  . . . 
September 
October. . . 


Total  Discharge,  gals. 


33,613,600 
25,616,270 
45,228,930 
46,618,780 


Average 
Dally  Flow. 


1,084,310 

823,105 

1,507,631 

1,503,831 


The  period  of  least  flow  may  be  taken  from  Aug- 
ust 23d  to  August  31st,  a  period  of  seven  days. 

The  total  flow  of  the  main  creek  for  this  period 
was  8,409,697,  an  average  of  1,201,379  gallons  per 
day.  The  average  during  the  same  period  for  the 
south  branch  was  330,970,  and  for  Lamberton  Lake 
870,400. 

There  were  noted  on  Lamberton  Creek  as  fol- 
lows, during  November  and  December,  discharges 
at  the  rates  given : 

Month.         Date.  Oals.  per  Day. 

November   5 1,625,790 

11 5,697,025 

12 6,361,245 

13 3,853,726 

"         14 3,574,455 

19 2,080,685 

24 1,745,010 

28 8,940,510 

December  10 10,769,430 

The  greatest  flow  noted  on  Lamberton  Creek  was 
on  December  10th,  at  which  time  the  discharge  was 
at  the  rate  of  10,769,430  gallons  per  day,  and  the 
least  flow  noted  was  August  2d,  at  the  rate  of  1,144,- 
296  gallons  per  day. 

The  least  flow  from  Lamberton  Lake  was  840,890. 
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Quantity  fbom  Lambbbton  Lake  and  Cbebk. 

The  drainage  area  of  Lamberton  Creek  and  Lake, 
as  estimated  from  the  surveys  of  its  water-shed,  is 
6.44  square  miles,  including  water  surfaces.  No 
measurement  was  made  of  the  water-shed  of  Lam- 
berton Lake  itself. 

Taking  the  amount  of  water  that  can  be  collected 
in  the  year  of  least  flow  at  428,600  gallons  per  day  per 
square  mile,  or  9  inches  over  the  area  drained,  as 
shown  under  the  head  of  "  Collection  and  Storage," 
we  have,  as  the  mean  daily  flow  of  Lamberton  Creek 
at  the  upper  Plainfield  road  for  purposes  of  water 
supply,  2,769,540  gallons  per  day. 

To  secure  and  make  available  the  surplus  of  wet 
periods,  as  in  December,  when  the  flow  exceeded 
ten  million  gallons  per  day,  we  assume  that  room  j 

for  three  and  one^half  inches  over  the  entire  water- 
shed will  be  sufficient,  which  gives  392,840,000  gal- 
lons as  the  storage  room  required  on  Lamberton 
Creek  to  make  available  its  least  annual  flow  for 
purposes  of  supply. 

Manifestly,  the  simple  fact  that  this  stream  fluc- 
tuates in  its  flow,  as  we  have  seen,  from  about  one 
and  one-fifth  million  gallons  to  perhaps  eighteen  or 
twenty  milhons  per  day,  and  that  it  almost  invaria- 
bly happens  that  the  least  flow  is  at  the  time  of 
greatest  consumption,  furnishes  abundant  proof  of 
the  necessity  for  storing  the  surplus  water. 

The  following  table  wiU  illustrate  this,  and  show 
how  the  amount  of  storage  needed  may  be  esti- 
mated. It  is  based  upon  the  assumption  that  the 
creek  can  furnish   a  daily   average  of   2,760,000 
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gallons,  and  that  the  daily  average  consumption  is 
the  same  amount. 

The  ratios  of  monthly  consumption  are  the  same 
as  are  exhibited  by  our  actual  city  consumption 
during  the  past  year,  and  the  flow  for  the  summer 
months  is  taken  as  observed  last  summer,  the  flow 
for  the  balance  of  the  year  being  assumed.  To  sim- 
plify matters,  the  evaporation  which  would  take 
place  from  the  storage  pond  is  omitted.  The  results 
are  not  to  be  taken  as  accurate,  my  purpose  being 
to  indicate  the  method  by  which  required  storage 
can  be  ascertained  before  works  are  constructed, 
when  the  necessary  data  have  been  obtained. 
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An  examination  of  the  natural  facilities  for  stor- 
age shows  that  the  necessary  room  is  wanting. 

A  survey  made  for  a  storage  pond,  to  be  created 
by  damming  the  creek  near  the  river,  shows  that 
but  33,500,000  gallons  could  be  stored  without  an 
extravagant  outlay  for  retaining  dams.  This  is  from 
the  circumstance  that  the  lower  part  of  Lamberton 
Creek  runs  through  a  narrow  gorge  or  ravine  but  a 
few  hundred  feet  wide. 

This  amount  of  storage  room  would  barely  suffice 
for  our  present  needs,  leaving  out  of  view  the  fu- 
ture. Thus,  suppose  the  summer  flow  of  Lamber- 
ton Creek  for  the  months  of  July  and  August  to  be 
per  day  1,200,000.  gallons,  or  about  the  flow  noted 
during  the  last  week  in  August,  or  say  72,000,000 
gallons,  and  take  the  consumption  at  1,720,000  gal- 
lons per  day,  or  about  33  per  cent,  more  than  was 
pumped  last  year,  say  103,200,000.  It  would  then 
be  necessary  to  have  in  store  at  the  commencement 
of  the  dry  period  31,200,000  gallons,  or  nearly  the 
entire  capacity  of  our  pond. 

The  necessary  storage  could,  however,  be  obtained 
by  placing  the  dam  near  the  upper  road,  and  raising 
the  water  above  the  present  surface  of  Lamberton 
Lake,  but  this  would  involve  a  considerable  diminu- 
tion of  the  drainage  area,  reducing  the  annual  yield 
a  corresponding  amount. 

A  storage  pond  thus  created  would  have  a  large 
proportion  of  shallow  flowage,  which  would  operate 
very  unfavorably  upon  the  quality  of  contained 
water. 

It  appears,  therefore,  from  what  has  been  said, 
that  Lamberton  Creek  would  furnish  less  than  three 
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million  gallons  per  day  if  storage  room  could  be 
provided  suflBcient,  and  as  this  storage  room  is  want- 
ing, it  is  apparent  that  only  a  much  smaller  amount 
could  be  depended  upon,  probably  less  than  two 
miUion  gallons  per  day,  an  amount  far  too  small  to 
warrant  its  adoption  as  a  source  of  supply. 

From  what  has  been  shown  in  regard  to  Lamber- 
ton  Creek,  but  little  need  be  said  in  relation  to  the 
lake  itself.  However,  so  highly  has  it  been  regarded 
by  many  of  our  citizens  as  a  future  source,  that  a 
few  facts  concerning  it  may  not  be  without  interest. 

The  lake  is  situated  upon  the  stream  which  origi- 
nates in  Button  Lake,  and  may  be  regarded  as  an 
enlargement  of  or  basin  upon  the  stream.  Its  super- 
ficial area  is  estimated  at  34.74  acres,  or  about  one 
acre  less  than  Fisk's  Lake.  Its  mid  depth  is  about 
eighteen  feet,  and  a  large  proportion  of  its  area  is 
less  than  ten  feet ;  its  cubical  contents  are  roughly 
estimated,  from  the  measures  of  depth  and  area 
which  were  taken,  at  81,600,000  gallons.  The  source 
of  this  lake,  as  of  all  others,  may  be  stated  as  that 
particular  area  which,  receiving  the  annual  rainfall, 
drains  the  same  into  and  through  the  lake  in  ques- 
tion. 

It  is  not  an  uncommon  opinion  that,  by  increasing 
the  draft  from  this  lake,  and  thereby  lowering  its 
surface,  an  increase  in  the  annual  flow  from  the  lake 
could  be  effected.  This  could  happen  only  if  such 
lowering  had  the  effect  of  directing  a  part  of  the 
underground  water  towards  the  lake  which  now 
flows  away  from  it  into  some  other  outlet ;  that  is,  of 
increasing  the  extent  of  surface  area  which  catches 
the  rain  and  drains  it  into  the  lake  and  its  feeders. 
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I  know  of  no  reason  for  supposing  that  such  an 
eflfect  would  be  produced. 

The  first  effect  of  lowering  the  lake  surface  would 
undoubtedly  result  in  increased  flow,  but  this  would 
be  temporary,  and  would  cease  as  soon  as  the  ground 
water  had  reached  its  new  level,  and  its  equilibrium 
become  restored. 

QUALITY. 

An  examination  of  the  report  of  the  chemist  will 
show  that  this  source  oflPers  no  particular  induce- 
ment in  point  of  quahty,  and  that  it  possesses  the 
same  general  characteristics  of  the  other  waters 
examined,  so  far  as  dissolved  organic  matter  is 
conceraad.  It  is  true  that  some  of  the  springs 
around  Lamberton  Lake  are  beautifully  clear  and 
cool,  but  their  volume  is  so  small  when  compared 
with  the  annual  yield  of  the  creek  that  their  influ- 
ence would  be  hardly  perceptible. 

An  examination  of  the  surface  drained  will  aid  us 
in  an  opinion  of  the  quahty,  also. 

Of  the  total  drainage  area  of  Lamberton  Creek, 
there  are,  approximately,  as  follows : 

Of  Sandy  Soil 61.0  per  cent. 

"  Clay       '' 34.4       " 

"  Swamps 12.6       " 

"  Water 2.0       " 

Total 100.0  per  cent. 

As  regards  timbered  and  cleared  lands,  there  are 
of  forest  or  wooded  land  14  per  cent.,  of  cleared 
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land  86  per  cent. ;  and  of  cultivated  land  71  per  cent., 
uncultivated  land  29  per  cent. 

The  population  upon  the  drainage  area  of  Lam- 
berton  Creek  is  180,  or  28  persons  per  square  mile — 
a  number  too  small  to  raise  a  suspicion  of  sewage 
pollution. 

After  considerable  rains,  the  waters  of  the  Creek 
are  turbid,  and  probably  as  uninviting  as  any  source 
which  has  been  suggested. 
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COLDBROOK  CREEK,  AND  LAKES  SUP- 
PLYING THE  SAME. 


Coldbrook  Creek  enters  the  city  on  the  east,  and, 
flowing  through  the  valley  traversed  by  the  D.,  G, 
H.  &  M.  Bailway,  is  diverted  into  the  settling  basin 
for  immediate  use.  It  has,  in  wet  seasons,  three 
branches  or  sources,  the  north  branch  following  the 
valley  occupied  by  the  railway  above  mentioned. 

The  soil  in  the  vicinity  is  of  a  sandy  character, 
and  hence  this  branch  partakes  of  the  character  of 
a  spring  creek. 

Its  least  flow  is  about  750,000  gallons  per  day, 
probably  a  Httle  less,  and,  as  its  valley  furnishes  no 
sites  for  storage,  owing  mainly  to  the  track  of  the 
railroad,  no  further  attention  need  be  paid  to  this 
source. 

The  outlet  from  Beed's  and  Fisk's  Lakes  unites 
with  the  north  branch  near  the  east  Une  of  the  city, 
receiving  on  its  way  the  waters  which  outlet  through 
a  small  stream  from  the  Church  and  Muir  Lakes, 
which  are  about  three-quarters  of  a  mile  north  of 
Reed's  Lake.  An  attempt  has  been  made  to  divert 
the  waters  from  these  lakes  into  Beed's  Lake  by  a 
cut-off,  although  at  present  a  considerable  amount 
of  water  is  passing  by  the  natural  channel  into  the 
Beed's  Lake  stream. 
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QUANTITY. 

In  speaking  of  the  quantity  that  may  be  derived 
from  the  Coldbrook  source,  I  shall  confine  myself  to 
the  Eeed's  Lake  and  Church  Lake  streams,  omit- 
ting the  north  branch,  which  follows  the  Une  of  the 
railway,  for  the  reason  that  no  facihties  exist  for 
impounding  the  waters. 

The  drainage  area  of  the  portion  considered,  which 
embraces  Beed's  Lake  and  the-  Saddle-bag  swamp, 
is  estimated  at  9.3  square  miles,  of  which  2.1  square 
miles,  or  over  20  per  cent.,  is  swamp  and  water  sur- 
face. I  think  we  have  in  this  abundant  reason  for 
the  fact  that  the  Eeed's  Lake  stream  is  often  dry 
for  months  at  a  time,  owing  to  the  great  evaporation 
going  on  from  these  areas.* 

Estimating  that  the  drainage  area  will  furnish  in 
a  dry  year  an  average  of  428,500  gallons  per  day  per 
square  mile,  we  have  3,985,000  gallons  per  day  as  the 
average  from  this  source.  But  this  cannot  be  real- 
ized without  abundant  facihties  for  storage.  At 
least  550,000,000  gallons  would  have  to  be  impounded 
at  the  beginning  of  a  dry  season,  and  probably  much 
more. 

This  can  be  illustrated.  During  last  season  the 
Beed's  Lake  stream  was  entirely  dry  for,  I  think, 
longer  than  seventy  days. 

Suppose  the  daily  draft  from  a  storage  pond  to  be 
4,000,000  gallons  per  day,  or  a  trifle  more  than  the 
estimated  daily  average  amount  which  this  source 
can  furnish.  This  would  show  that  (4,000,000  x  70) 
280,000,000  gallons  would  have  to  be  in  store  at  the 

*  As  the  water  surface  of  Reed's  Lake  Is  included  in  the  estimate  above  giyen, 
and  as  the  evaporation  from  water  surfaces  is  likely  to  much  exceed  the  rainfall, 
the  estimate  of  the  amoimt  of  water  coUeotible  is  somewhat  too  lange. 


ON  ADDITIONAL  WATEB  SUPPLY.  47 

beginning  of  the  dry  period,  and  if,  at  the  end  of  the 
seventy  days,  the  inlet  failed  to  immediately  equal 
the  consumption,  as  it  undoubtedly  would,  then 
considerably  more  storage  area  would  be  necessary. 

In  examining  the  valley  of  the  creek,  I  find  no 
suitable  sites  for  the  required  storage:  A  survey  for 
a  pond  reaching  from  East  Bridge  street  to  East 
Fulton  street  shows  that  only  about  31,000,000  gal- 
lons could  be  stored,  owing  to  the  fact  that  the 
stream  flows  through  a  narrow  gorge. 

We  may,  therefore,  dismiss  this  source  from  our 
consideration,  for  reasons  similar  to  those  existing 
at  Lamberton  Creek.  First,  the  least  annual  yield 
is  much  too  small  for  our  future  use,  and,  second,  no 
facilities  exist  for  storing  the  surplus  waters  of  wet 
periods.  With  the  storage  which  could  be  secured 
below  Fulton  street,  less  than  1,000,000  gallons  per 
day  could  be  secured. 

Heed's  Lake  itself  might  be  converted  into  a 
storage  pond,  but  this  would  be  open  to  serious 
objection. 

First — The  available  water-shed  would  be  greatly 
reduced,  and  with  it  the  annual  yield,  which  is  al- 
ready too  small. 

Second — By  converting  Eeed's  Lake  into  an  im- 
pounding reservoir,  its  surface  would  be  subjected 
to  variations  in  level. 

The  area  of  Beed's  Lake  is  about  275  acres,  and  to 
provide  for  impounding  500,000,000  gallons  would 
require  a  distance  of  about  six  feet  between  high  and 
low  water  levels.  Lowering  or  raising  the  surface 
would  be  opposed  by  the  owners  of  property  adjoin- 
iQg,  and  for  this  and  other  obvious  reasons,  it  would 
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be  necessary  to  acquire  control  of  all  the  lands  sur- 
rounding the  lake,  and  its  abohtion  as  a  place  of 
summer  resort. 

QUALITY. 

The  quaUty  of  the  Eeed's  Lake  water  is  undesira- 
ble. The  lake  water  illustrates  the  necessity  of 
certain  natural  advantages  which  are  here  wanting. 
To  be  desirable  as  a  source  of  water  supply,  a  lake 
should  have  four  prime  requisites : 

First — An  abundant  inflow  and  outflow,  which 
will  secure  a  good  circulation. 

Second — Abundant  depth,  which  will  aid  in  main- 
taining a  low  temperature  in  summer,  and  hinder 
and  prevent  organic  and  infusorial  growth. 

Third — A  broad  surface,  which  can  be  agitated  by 
winds. 

Fourth — Bold  sandy  or  gravelly  shores,  which  fur- 
nishes little  foothold  for  aquatic  plants. 

So  far  does  Eeed's  Lake  come  from  meeting  these 
conditions,  that  it  may  be  regarded  almost  as  a  stag- 
nant pool. 

The  inflow  is  less  than  evaporates  from  its  surface 
in  summer ;  it  has  a  large  extent  of  shallow  flowage, 
and  its  shores  are  mainly  filthy  and  uninviting  from 
the  vast  quantity  of  organic  substance  and  growth. 

To  raise  or  lower  its  surface  would  result  in  in- 
creasing the  impurities  now  in  the  water. 

I  have  met  persons  who  beheve  that  the  Saddle- 
bag swamps  would,  if  tapped,  furnish  an  abundant 
supply,  but  this  is  not  so.  Their  area  is  included 
in  the  drainage  area  of  Eeed's  Lake. 

In  ascending  a  stream,  we  find  it  decreasing  in 
size  as  we  approach  its  origin.    These  swamps  are 
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in  the  upper  portion  of  the  drainage  ground  of  Cold- 
brook,  and  by  themselves  they  could  furnish  but  a 
small  quantity  of  water. 

As  there  is  a  point  here  about  which  many  people 
seem  to  have  vague  opinions,  I  may,  at  the  risk  of 
repeating,  be  permitted  to  explain  further.  ,  The 
roof  of  a  house  is  a  well-defined  drainage  area,  the 
size  of  which  can  be  estimated  by  any  one.  It  rer 
ceives  the  water  faUing  upon  it,  and  discharges  the 
same  by  the  gutter  or  conductor  into  the  cistern, 
which  corresponds  to  the  storage  pond. 

Now,  the  drainage  area  of  a  creek,  river  or  lake  is 
just  as  real  as  that  which  feeds  the  cistern,  only  less 
apparent  to  the  casual  observer.  It  makes  no  dif- 
ference how  deep  or  extensive  the  cistern  may  be,  it 
can  only  furnish  the  equivalent  of  the  roof  water. 

The  drainage  area  of  the  Saddle-bag  swamps  is  not 
much  larger  than  the  swamp  surface,  and,  although 
there  might  be  in  them  a  large  amount  of  water,  its 
removal  would  not  be  followed  by  any  influx  of 
water  from  underground  regions.  The  amount  of 
rain  falling  upon  the  surface  drained,  less  the  losses 
by  evaporation  and  absorption  by  vegetation  would 
be  all  that  could  be  secured. 
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GREEN  LAKE, 


Green  Lake  is  situated  in  the  town  of  Leighton, 
Allegan  county,  thirteen  miles  south  of  the  south 
Une  of  the  city,  and  four  miles  east  of  Division 
street.  It  has  been  regarded  as  a  possible  source  of 
supply  by  gravity. 

Mr.  Stinson,  the  engineer  of  the  Grand  Bapids  and 
Indiana  Bailroad,  informs  me  that  the  track  at  Mo- 
line  Station  is  about  196  feet  higher  than  the  track 
at  the  bridge  at  Ferry  street. 

Green  Lake  is  17  feet  lower  than  the  track  at 
MoUne,  and  from  this  data  it  appears  that  the  lake 
is  about  21  feet  above  the  top  water  hne  in  our  dis- 
tributing reservoir.  This  head  would  be  insufficient 
to  overcome  the  friction  in  a  main  of  reasonable 
size,  so  that  pumping  would  be  necessary. 

To  cut  through  the  ridge  hne  which  separates  the 
valley  of  Grand  Eiver  from  the  Green  Lake  valley 
would  involve  enormous  expense,  even  if  the  level 
of  the  lake  was  much  higher. 

In  regard  to  the  amount  of  water  which  the  lake 
could  furnish,  I  am  quite  decidedly  of  the  opinion, 
from  my  study  of  the  maps  and  observations  on  the 
ground,  that  the  quantity  would  be  insufficient  for 
our  use  in  the  near  future. 
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In  regard  to  the  quality  of  the  water,  the  examina- 
tion shows  nothing  desirable,  although  the  general 
appearance  of  the  water  at  the  time  of  my  visit  to 
the  lake  was  much  in  its  favor. 

My  conclusions  as  to  this  source  are,  that  the 
quantity  is  insufficient,  the  quality  undesirable,  and 
that  the  cost  of  the  work  would  be  excessive. 
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INDIAN  MILL  CREEK. 


Indian  Mill  Creek  rises  in  the  northwest  corner 
of  Alpine  township,  about  seven  miles  northwesterly 
from  the  northwest  corner  of  the  city.  It  flows 
southerly  and  southeasterly,  and  discharges  into  the 
river  at  the  D.,  G.  H.  &  M.  Railway  bridge. 

This  stream  has  never  been  seriously  considered 
as  a  possible  source  of  water  supply. 

QUANTITY. 

The  drainage  area  of  this  stream  above  the  point 
designed  for  the  impounding  dam,  as  estimated  from 
the  surveys  which  have  been  made  of  its  water-shed, 
is  14.47  square  miles.  Assuming,  as  before,  that 
each  square  mile  can  be  depended  on  for  an  average 
of  428,600  gallons  per  day,  or  nine  inches  on  the  area 
drained,  we  have  6,200,395  gallons  as  the  daily  aver- 
age that  may  be  derived  from  this  source. 

The  storage  necessary  to  make  this  available  can- 
not yet  be  accurately  determined,  but  on  the  as- 
sumption that  three  and  one-half  inches  within  the 
water-shed  will  be  sufiicient,  or  61,000,000  gallons 
per  square  mile,  we  have  882,670,000  gallons  as  the 
storage  room  required,  or  about  170  days'  supply, 
assuming  the  minimum  flow  of  the  stream  for  the 
170  days  to  be  about  2,000,000  gallons  per  day. 
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It  is  quite  possible  that  the  estimate  for  storage 
is  too  small,  but  it  would  not  be  found  so  until  the 
consumption  had  about  reached  the  entire  available 
yield  of  the  stream.  The  stream  is  a  *^  flashy  "  one, 
its  flow  reaching  from  four  to  five  million  gallons 
per  day  to  possibly  a  hundred  milUons  of  gallons  per 
day.  On  the  Ist  of  April,  1880,  it  was  running  6,500,- 
000  gallons,  and  on  May  11th  22,000,000  gallons,  the 
last  being  three  days  after  some  heavy  rains. 

FACILITIES  FOB  STORAGE. 

The  impounding  of  the  waters  of  Indian  Mill 
Creek  calls  for  natural  facilities,  and  these  are  not 
wanting. 

PreUminary  surveys  have  been  made  of  the  valley 
a  short  distance  west  of  the  city,  from  which  it  ap- 
pears that  500,000,000  gallons  can  be  readily  stored, 
and  that,  by  raising  the  water  so  that  its  depth 
shall  be  what  is  in  every  way  necessary  and  desira- 
ble for  purposes  of  natural  purification,  the  storage 
of  700,000,000  gallons  can  be  effected,  and  that  with- 
out unusual  outlay. 

QUALITY. 

From  what  has  been  said  relative  to  the  quantity 
of  water  which  can  be  derived  from  this  source,  it  is 
important  that  the  questions  relative  to  the  quality 
of  the  water  receive  a  careful  examination,  and  the 
inquiry  should  be  directed  not  merely  to  the  present 
or  natural  condition  of  the  stream,  but  it  should 
extend,  if  possible,  to  the  quahty  of  the  water  that 
would  be  provided  from  completed  works. 
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As  stated  before,  foreign  substances  in  water  may 
be  classed  as — 

Inorganic. 

Generally  harmless  when  free  from  poisonous 
metals. 

Vegetable  Organic. 

Not  generally  considered  dangerous,  but  to  be 
avoided,  as  hable,  when  undergoing  decomposi- 
tion, to  render  the  water  unwholesome. 

Animal  Organic. 

Dangerous;  exceedingly  so  when  from  sewage, 
cemetery  drainage  or  manufacturing  refuse. 

The  stream,  as  stated  before,  is  a  "  flashy  "  one — 
that  is,  quick  up  and  quick  down,  and  its  waters 
must  be  classed  as  surface  waters.  In  dry  weather 
the  water  is  comparatively  clear  and  colorless,  but 
it  is  exceedingly  turbid  and  uninviting  after,  every 
considerable  rain. 

The  report  of  the  chemist  shows  that,  as  fai*  as 
inorgauic  matters  are  concerned,  the  water  is  whole- 
some, but  that  the  amount  of  organic  matter  is 
much  greater  than  is  desirable.  An  examination  of 
the  drainage  area  shows  that  no  sources  of  sewage 
pollution  exist.  No  manufacturing  enterprises  dis- 
charge their  refuse  into  the  stream. 

The  population  on  the  drainage  area  is  556,  or  38 
per  square  mile,  or  one  person  on  seventeen  acres — 
a  number  too  small  to  cause  any  suspicion  of  danger. 
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Moreover,  it  is  possible  to  protect  the  stream  in  the 
future,  and  it  is  unUkely  that  the  increase  in  popu- 
lation will  ever  be  such  as  to  involve  danger  from 
this  source.* 

It  is  safe  to  conclude  that,  substantially,  aU  of  the 
organic  matters  developed  by  the  analyses  are  of 
vegetable  origin. 

The  practical  question,  then,  becomes :  **  Would 
the  proposed  impounding  reservoir  provide  the  con- 
ditions necessary  to  afford  such  clarification  of  the 
inlet  water  as  would  render  it  safe,  wholesome,  and 
desirable  for  domestic  use  ?  " 

The  impounding  reservoir  can  be  so  constructed 
as  to  become  a  lake  having  substantially  all  the 
conditions  necessary  to  insure  clear,  tasteless  and 
colorless  water.  The  depth  would  be  such  as  would 
prevent  the  growth  of  aquatic  plants  over  the  bottom, 
and  ensure  a  comparatively  low  temperature,  which 
hinders  the  growth  of  microscopic  animal  and  vege- 
table organisms. 

The  inlet  and  outlet  waters  would  be  of  such  vol- 
ume as  would  secure  a  constant  circulation. 

The  surface  would  be  such  as  would  afford  ample 
play  for  the  winds,  being  about  four  times  the  area 
of  Lamberton  Lake  and  ten  times  its  capacity,  while 
the  shores  could,  without  great  expense,  be  made 
generally  so  abrupt,  and  be  so  protected  with  gravel, 
pavement  or  revetment  as  to  preclude  almost  en- 
tirely the  growth  of  animal  and  vegetable  life  along 
its  borders. 

*  Til*  populatloii  of  Alpine  in  1870  was  1,445.  The  oensus  just  oompleted  gives 
the  popolftlilon  as  1,S78. 
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The  flood  waters  of  the  creek  carry  considerable 
suspended  matter,  and  a  large  quantity  of  dissolved 
vegetable  matter,  or  matter  in  solution,  which  gives 
the  color,  which  is  often  very  pronoimced. 

The  suspended  matters  settle  in  a  few  hours. 
The  soluble  portions  are  much  more  persistent. 
Efforts  to  discharge  the  color  by  diffusing  pure 
oxygen  gas  through  samples  of  the  water  have  not 
been  attended  with  success.  Evidence  tending  to 
show  that  the  natural  processes  carried  on  in  the 
lake  would  be  all  suflBcient  to  secure  the  requisite 
degree  of  purity,  is  not  quite  satisfactory,  for  the 
reason  that  the  precise  conditions  and  circumstances 
of  each  case  are  not  known. 

« 

A  recent  writer,  in  discussing  the  question,  says : 
Waters  flowing  in  brooks  from  the  wooded  hills 
and  the  swamps,  almost  always  come  down  to  the 
lakes  highly  charged  with  the  coloring  matter  and 
substance  of  forest  leaves  and  grasses,  and  not  un- 
frequently  have  a  very  perceptible  reddish  or 
chocolate  hue.  The  waters  are  soon  reheved  of 
these  vegetable  impurities  by  nature's  process  in 
the  lake,  and  their  natural  transparency  and 
sparkle  is  restored  to  them.  Sunhght  has  been 
credited  with  a  strong  influence  in  the  removal  of 
color  from  water.  The  chemical  transformation 
already  begun  upon  the  hiUs  is  continued  in  the 
lake,  and  the  atmospheric  oxygen  aids  in  releasing 
the  gases  of  the  minutely  subdivided  vegetable 
products  producing  the  color,  when  the  mineral 
residues  have  suflBicient  specific  gravity  to  take 
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'*  them  speedily  to  the  bottom.  The  winds  are  the 
"  good  physicians  that  bring  the  restoring  remedies." 
(Fanning' 8  Water  Supply  Engineering^  1878.) 

"  Chemistry  would  suggest,  and  it  has  been  found 
"  by  experience,  that  discolored  water  becomes  clear 
again  after  an  exposure  to  air  of  a  few  days  or 
weeks  in  basins  or  other  places  where  new  matter 
"cannot  be  taken  up."  (Boston  Report  on  Addi- 
tional Supply^  1874.) 

Mr.  Bateman,  a  celebrated  hydrauUc  engineer  of 
England,  in  evidence  before  the  Royal  Commission 
of  1867  on  Water  Supply,  says:  "Any  color  with 
"which  the  streams  may  occasionally  be  charged  is 
"discharged  on  exposure  in  these  large  reservoirs, 
"  or  hy  subsidence.  Loch  Katrine,  which  is  proba- 
"bly  as  fine  a  body  of  pure  water  as  any  in  the 
"  world,  and  is  absolutely  colorless,  is  fed  by  moun- 
"  tain  streams  which,  in  summer  and  in  autumn,  are 
"  as  brown  as  porter.  I  have  never  seen  a  darker 
"  stream,  even  from  a  bog  in  Ireland,  thap  the  river 
"Strowen,  which  flows  into  Loch  Katrine,  and  is 
"one  of  the  principal  contributors  to  it  on  the 
"northern  side  of  the  lake;  but  all  the  color  is  dis- 
charged by  exposure  to  the  atmosphere  in  so  large 
a  surface,  namely,  3,000  acres.  That  is  also  the 
"case  in  the  Manchester  water  works,  and  in  all 
"  the  other  water  works  where  the  water  is  collected 
"in  a  large  body;  however  colored  it  is  in  the  first 
instance,  its  impurities  become  removed  by  time 
and  exposure." 
"So  also  the  waters  of  brooks  that  feed  Lake 
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'Cochituate  mostly  flow  through  meadow  lands, 
'  and  are  very  highly  colored  in  the  late  summer 

*  and  fall ;  yet  before  they  leave  the  lake  they  be- 

*  come  clear  and  almost  colorless.  Almost  all  rivers 

*  flowing  through  a  fertile  country  have,  especially 
'in  summer  and  autimm,  a  more  or  less  earthy  1 
Haste,  and  a  brownish-yellow  color,  which,  to  a 
'great  extent,  disappears  by  storage  in  large  lakes." 

(Report  of  Medical  Gommissionj  Boston,  1874.) 

In  the  report  above  quoted  from,  I  find  the  fol- 
lowing relative  to  the  Charles,  Sudbury  and  Shaw- 
shine  Bivers,  which  were  under  examination  as 
proposed  sources  of  additional  supply  for  the  city  of 
Boston :  "  If  no  storage  basins  were  proposed,  none 
"  of  these  river- waters  could  be  recommended  for  do- 
''mestic  use,  except,  possibly,  the  Shawshine." 

The  population  upon  these  rivers  was,  at  that  time, 
as  follows : 

Sudbury 229  per  square  mile. 

Charles 165    " 

Shawshine 79    " 

Analyses  of  these  waters  gave  the  following  re- 
sults : 

^  .  Free  Alb. 

•^**^'  AimnoniA.   AmmonlA. 

Shawshine,  Sept.  22, 1874. ..... .020       .12 

Charles,  "      9,    "   .: 026       .16 

Sudbury,         "      5,    "    034       .36 

Evidence  was  abundant  that  the  organic  matter 
in  these  waters  was  partly  from  sewage. 
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Dr.  Lyon  Playfair,  professor  of  chemistry  in  the 
University  of  Edinburg,  in  his  testimony  before  the 
commissioners  on  proper  sources  of  supply  for  Lon- 
don, in  1867,  states,  in  regard  to  organic  matter  in 
water :  '^  If  it  be  a  mere  vegetable  matter,  such  as 
"comes  from  a  peaty  district,  even  if  the  water 
"originally  is  of  a  pale  sherry  color,  on  being  ex- 
"  posed  to  the  air  in  reservoirs,  or  in  canals  leading 
"  from  one  reservoir  to  another,  the  vegetable  mat- 
"ter  gets  acted  upon  by  the  air,  and  becomes  in- 
"  soluble,  and  is  chiefly  deposited,  and  what  remains 
"has  no  influence  on  health." 

The  following,  from  a  report  of  the  Cochituate 
Water  Board  on  additional  supply  (1874),  relates  to 
actual  experience  with  waters  colored  with  organic 
impurities:  "In  July  and  August  the  Sudbury 
"  water  was  entering  Lake  Cochituate  at  the  rate  of 
from  twenty  to  thirty  millions  of  gallons  per  day, 
and,  in  addition,  a  large  supply  was  received  from 
"the  streams  naturally  tributary  to  the  lake,  which 
"possessed  an  equal  color  with  that  of  the  Sudbury 
"water;  yet,  when  these  waters  reached  the  pipes 
"for  distribution,  no  color  was  noticeable,  and  the 
"  sUghtly  bitter  taste  which  they  originally  had  was 
"lost." 

The  following,  from  Humber's  Water  Supply  En- 
gineering, may  be  taken  as  illustrating  English 
experience :  "  The  water  impounded  for  purposes  of 
"  town  supplies  is  sometimes  filtered  before  deUvery, 
"  but  in  many  cases  no  further  purification  is  deemed 
"necessary  than  that  which  the  water  undergoes  in 
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"the  large  reservoirs  by  the  subsidence  of  the  sus- 
"pended  matters,  and  the  atmospheric  oxidation  of 
"  some  of  the  organic  impurities  which  may  have 
"been  brought  down  from  the  gathering-ground. 
"Water  impounded  from  moorland  is  frequently 
"discolored  by  peat,  but  this  discoloration  in  great 
"part  vanishes  in  the  reservoir.  The  area,  and 
"  capacity  of,  which  storage  reservoirs,  as  such,  have 
"  to  be  made,  is  generally  in  excess  of  that  required 
"for  efficient  settlement,  so  that  seldom,  if  ever, 
"will  an  addition  have  to  be  made  to  the  capacity 
"  of  a  storage  reservoir,  in  order  specially  to  allow 
"  of  the  complete  subsidence  of  suspended  matter." 

Enough  has  been  quoted  to  show  what  may  be 
expected  in  a  storage  reservoir  where  the  conditions 
are  favorable  for  the  precipitation  and  oxidation  of 
impurities,  and  where  new  matters  cannot  be  ta- 
ken up. 

There  is  a  trouble  inherent  in  the  reservoir  itself 
to  which  allusion  has  before  been  made,  namely,  the 
inception  and  growth  of  minute  vegetable  organisms, 
but  as  this  is  a  trouble  that  all  large  reservoirs  are 
liable  to — one  for  which  no  adequate  remedy  is 
known,  and  one  which  need  cause  no  apprehension,  so 
far  as  the  wholesomeness  of  the  water  is  concerned, 
and  which  occurs  only  at  long  intervals,  and  is 
generally  of  short  duration,  no  further  consideration 
need  be  given  it. 

HARDNESS. 

The  waters  of  Indian  Mill  Creek  are  of  a  hardness 
much  greater  than  desirable. 
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The  examination  made  August  29,  at  which  time 
the  hardness  was  probably  at  its  greatest,  gave  14.45 
degrees,  of  which  10.80  was  temporary,  and  only  3.66 
permanent. 

I  regard  this  fact  as  of  importance,  as  indicating 
that  the  water  may  be  made  very  desirable  for  do- 
mestic and  manufacturing  uses  by  the  application 
of  the  hme-softening  process. 

The  above  figures,  however,  need  not  be  taken  as 
the  ordinary  measure  of  the  hardness  from  the  com- 
pleted storage  works  as  designed.  The  storm  or 
flood  waters  are  somewhat  softer.  It  has  also  been 
found  that  very  hard  water  exposed  to  atmospheric 
influences  is  gradually  softened,  and,  as  the  hard- 
ness of  Indian  Mill  Creek  water  is  largely  tempo- 
rary, it  is  probable  that  this  effect  might  be 
considerable. 

The  temporary  hardness  is  maintained  by  car- 
bonic  acid  gas  in  the  water,  which  enables  it  to  hold 
in  solution  carbonate  of  hme ;  and  when  the  water 
is  exposed,  as  in  a  lake,  carbonic  acid  gas  escapes 
into  the  atmosphere,  and  carbonate  of  hme  is  pre- 
cipitated. The  experience  of  those  who  have  used 
this  water  for  steam  and  other  purposes  is  favorable. 

It  remains  to  describe  briefly  the  proposed  works 
for  the  introduction  of  Indian  Mill  Creek  water. 

They  consist  of  an  artificial  lake,  to  be  made  by 
extending  a  dam  across  the  vaUey  of  the  creek  at  a 
point  about  one-quarter  of  a  mile  north  and  west  of 
the  northwest  comer  of  the  limits  of  the  city.  From 
the  lake  a  cast-iron  conduit  or  supply  main  would 
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be  carried  to  the  present  pumping  works,  the  main 
dehvering  into  a  receiving  basin  or  pump  well,  from 
which  it  would  be  drawn  by  the  pumps. 

The  storage  lake  proposed  would  have  an  area  of 
about  135  acres,  and  a  depth  over  the  eastern  por- 
tion of  from  twenty  to  twenty-five  feet,  and  a  ca- 
pacity above  low-water  mark — ^that  is,  above  the 
main  outlet  conduit — of  about  376,000,000  gallons. 

In  the  construction  of  the  reservoir,  the  bottom 
and  sides  to  be  thoroughly  cleared  and  carefully 
burned  over,  and  all  vegetable  matter  removed. 

The  mucky  portions,  where  the  water  will  be  less 
than  fifteen  feet  deep,  to  be  covered  with  sand. 

The  shores  to  be  so  changed  as  to  reduce  the 
shallow  flowage  to  the  least  possible  amount,  and 
entire  circuit  of  the  lake  to  be  paved  with  cobble- 
stones set  in  gravel,  the  paving  to  extend,  where 
practicable,  from  high  to  low  water  Une.  The  pro- 
tection of  the  shores  will  add  considerable  to  the 
expense,  but  the  increased  purity  of  the  water  will 
compensate  for  all  that  is  done  in  this  direction. 

It  will  be  seen  that  the  proposed  lake  will  have 
about  four  times  the  area  of  Lamberton  Lake,  and 
many  times  its  capacity,  and  that,  if  well  and  thor- 
oughly constructed,  it  will  possess  nearly  all  the 
essentials  necessary  to  furnish  pure  and  wholesome 
lake  water,  namely,  good  circulation,  good  depth,  a 
broad  surface,  the  length  in  the  direction  of  the 
prevailing  winds  being  about  one  mile,  and  clean, 
bold  shores,  which  afford  no  foothold  for  aquatic 
plants. 
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GRAND  RIVER. 


In  Grand  Eiver  we  find  an  inexhaustible  supply. 
It  is  a  fair  presumption  that  the  only  reason  why 
the  river  was  not  selected  as  a  source  of  supply  at 
the  time  the  works  were  constructed  in  1874  was 
one  which  had  to  do  entirely  with  the  quaUty  of  the 
water.  I  am  told  by  the  men  who  run  logs  on  the 
river  that  the  water  is  not  used  by  them  for  drink- 
ing purposes. 

There  is  among  our  citizens  a  strong  prejudice 
against  its  use. 

The  analysis  of  the  river  water  shows  an  amount 
of  organic  matter  greater  than  is  desirable.  It  is  an 
admitted  fact  that  sewage  from  the  small  towns 
along  the  river  is  and  will  be  discharged  into  it.  It 
has  been  claimed  that  running  waters  free  them- 
selves from  noxious  elements  of  sewage ;  that  the 
dilution  of  sewage  in  large  bodies  of  pure  water  and 
its  subsequent  oxidation  render  it  innocuous. 

It  is  claimed,  on  the  other  hand,  that  the  noxious 
elements  of  sewage  are  not  readily  destroyed  by 
dilution  or  oxidation,  but  that  the  specific  thing 
which  induces  many  transmissible  diseases,  as  ty- 
phoid, cholera,  etc.,  is  an  organized,  vitaUzed  body, 
capable  of  resisting  for  a  long  time  those  natural 
agencies  which  are  rehed  on  to  effect  its  destruction . 
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The  utterances  of  the  Massachusetts  State  Board 
of  Health  are  beUeved  to  furnish  the  latest  and  best 
authority  upon  the  subject  of  the  alleged  self-puri- 
fication of  running  streams.  The  following  from 
their  annual  reports  is  submitted,  as  tending  to  show 
that,  if  a  running  stream  is  once  dangerously  pol- 
luted by  sewage,  the  greatest  caution  should  be 
exercised  in  relation  to  its  use  for  purposes  of 
supply : 

"It  is  a  wide-spread  popular  idea  that,  no  matter 
"  how  much  impurity  is  discharged  into  a  running 
"stream,  yet  by  flowing  a  dozen  miles  or  so  the 
"  stream  will,  for  all  practical  purposes,  free  itself 
"from  the  impurity,  and  become  fit  for  use,  even  as 
"  a  source  of  water  supply.  It  has  been  alleged  that 
"the  organic  matter  is  almost  completely  oxidized 
"by  the  oxygen  in  the  air,  and  by  that  dissolved  in 
"  the  water,  and  that  this  oxidizing  action  is  very 
"much  increased  if  the  water  be  agitated  by  passing 
"  over  weirs  or  natural  faUs. 

"This  feeling  has  gained  considerable  currency, 
"  and  has  been  held  by  some  men  who  are  looked  to 
"  as  authorities,  such  as  Dr.  Miller,  Dr.  Odling  and 
"Dr.  Letheby.  It  is,  however,  unsupported  by  di- 
"rect  proof;  in  fact,  the  experimental  evidence 
"leads  us  to  the  contrary  opinion. 

"The  Rivers  Pollution  Commission  made  this 
"question  the  subject  of  direct  investigation,  and 
"  showed  very  conclusively  that  the  commonly  re- 
"  ceived  opinion  was  erroneous.  They  chose  locali- 
"ties  on  several  streams  where  the  rivers,  in  each 
"instance,  flowed  for  almost  a  dozen  miles  without 
"  receiving  additional  pollution,  and  determined  the 
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'^amount  of  organic  matter  destroyed.  They  also 
"  made  admixtures  of  ordinary  sewage  with  different 
"quantities  of  water,  and  in  these  artificial  mix- 
"  tures,  which  were,  by  various  devices,  exposed  to 
"  the  free  action  of  the  oxygen  of  the  air,  they  de- 
"termined  the  rate  at  which  the  organic  matteir 
"  disappeared.  This  they  did  by  estimating,  from 
"time  to  time,  the  organic  nitrogen  and  carbon 
" contained  in  the  solution;  also,  by  observing  the 
"rate  at  which  the  dissolved  oxygen  disappeared. 
"  As  a  result  of  these  experiments,  they  aflSirm  that — 

"'It  is  evident  that,  so  far  from  sewage  mixed 
"  with  twenty  times  its  volume  of  water  being  oxi- 
"  dized  during  a  flow  of  ten  or  twelve  miles,  scarcely 
"  two-thirds  of  it  would  be  so  destroyed  in  a  flow  of 
"  one  hundred  and  sixty-eight  miles  at  the  rate  of 
"  one  mile  per  hour,  or  after  the  lapse  of  a  week. 
"  In  fact,  whether  we  examine  the  organic  pollution 
"  of  a  river  at  different  points  of  its  flow,  or  the  rate 
"  of  disappearance  of  the  organic  matter  of  sewage 
"  when  the  latter  is  mixed  with  fresh  water  and  vid- 
"lently  agitated  in  contact  with  air,  or,  finally,  the 
"  rate  at  which  dissolved  oxygen  disappears  in  water, 
"polluted  with  five  per  cent,  of  sewage,  we  are  led, 
"  in  each  case,  to  the  inevitable  conclusion  that  the 
"oxidation  of  organic  matter  in  sewage  proceeds 
"  with  extreme  slowness,  even  when  the  sewage  is 
"  mixed  with  a  large  volume  of  unpolluted  water, 
"  and  that  it  is  impossible  to  say  how  far  such  water 
"must  flow  before  the  sewage  matter  becomes  thor- 
"  oughly  oxidized.  It  will  be  safe  to  infer,  however, 
"  from  the  above  results  that  there  is  no  river  in  the 
"  United  Kingdom  long  enough  to  affect  the  destruc- 
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tion  of  sewage  by  oxidation.  These  results  confirm 
the  opinion  arrived  at  from  theoretical  considera- 
tions, and  expressed  by  Sir  Benjamin  Brodie  in  his 
evidence  given  before  the  former  Eivers  Pollution 
Commission.  {First  Beport,  Biver  Thames^  Vol. 
II.  Mmutes  of  Evidence^  pcug^  4*9.)  His  evidence 
was  to  the  following  effect : 

"'I  should  say  that  it  is  simply  impossible  that 
the  oxidizing  i>ower  acting  on  sewage  running  in 
mixture  with  water  over  a  distance  of  any  length 
is  sufficient  to  remove  its  noxious  quaUty.  I  pre- 
sume that  the  sewage  can  only  come  in  contact 
with  oxygen  from  the  oxygen  contained  in  the 
water,  and  also  from  the  oxygen  on  the  surface  of 
the  water,  and  we  are  aware  that  ordinary  oxygen 
does  not  exercise  any  rapidly  oxidizing  power  on 
organic  matter.  I  believe  that  an  infinitesimally 
small  quantity  of  decaying  matter  is  able  to  pro- 
duce an  injurious  effect  upon  health.  Therefore, 
if  a  large  proportion  of  organic  matter  was  re- 
moved by  the  process  of  oxidation,  the  quantity 
left  might  be  quite  sufficient  to  be  injurious  to 
health. 

"  *  With  regard  to  the  oxidation,  we  know  that,  to 
destroy  organic  matter,  the  most  powerful  oxidiz- 
ing agents  are  required.  We  must  boil  it  with 
nitric  acid  and  chloric  acid,  and  the  most  perfect 
chemical  agents.  To  think  to  get  rid  of  organic 
matter  by  exposure  to  the  air  for  a  short  time  is 
absurd.' 

^^It  would  seem  from  the  experiments  of  the 
Bivers  Commission  that,  in  a  flow  of  a  dozen  or 
twenty  miles,  as  much  as  twenty  or  thirty  per 
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cent,  of  ordinary  sewage  impurity  might,  in  sum- 
mer weather,  be  destroyed  by  oxidation.  It  must 
"  be  borne  in  mind,  however,  that,  for  all  we  know, 
"  the  portion  remaining  unoxidized  may  be  the  very 
"portion  most  injurious  to  health.  If  certain  dis- 
"  eases  be  propagated  by  germs — by  living  organisms 
" — ^we  may  well  suppose  that  such  germs  would 
"hve,  although  dead  organic  matter  might  be  de- 
"stroyed.  In  expressing  our  own  conclusions  on 
"  this  subject,  we,  perhaps,  cannot  do  better  than 
"  quote  the  words  of  Dr.  Frankland,  the  most  emi- 
"nent  chemical  authority  on  the  sewage  question: 

"  *  There  is  no  process  practicable  on  the  large 
"  scale  by  which  that  noxious  material  (sewage  mat- 
"  tiBr)  can  be  removed  from  water  once  so  contami- 
'^nated,  and,  therefore,  I  am  of  the  opinion  that 
"  water  which  has  once  been  contaminated  by  sew- 
"  age  or  manure  matter  is  thenceforth  unsuitable 
* '  for  domestic  use . ' 

"  Too  much  stress  cannot  be  laid  upon  the  import- 
"  ance  of  preventing  the  discharge  of  such  refuse, 
"  and  of  sewage  in  its  more  restricted  sense,  into 
"  any  stream  used  or  likely  to  be  used  as  a  source  of 
"  water  supply. 

**  The  importance  of  this  matter  is  underrated  for 
"two  reasons:  First,  because  of  the  oft-repeated 
"assertion,  made  on  the  authority  of  Dr.  Letheby, 
"that,  *if  sewage  matter  be  mixed  with  twenty 
"  times  its  bulk  of  ordinary  river  water,  and  flow  a 
"  dozen  miles,  there  is  not  a  particle  of  that  sewage 
"to  be  discovered  by  chemical  means.*  Secondly, 
"because  of  the  feeUng  that,  to  be  in  any  way 
"  prejudicial  to  health,  a  water  must  contain  enough 
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animal  matter  to  be  reoognized  readily  by  chemi- 
cal tests — enough,  in  fact,  to  be  expressed  in 
figures.  The  first  of  these  opinions  has  been  dis- 
proved by  the  experiments  of  the  Rivers  Commis- 
sion in  England,  who  have  shown  that  not  only  is 
a  flow  of  twelve  miles  insufficient  to  destroy  the 
organic  matter  of  sewage  when  mixed  with  water 
in  the  above  proportion,  but  also  a  flow  of  one 
hundred  and  sixty  miles  is  far  from  sufficient  for 
that  purpose.  When  sewage  is  mixed  with  wa- 
ter, some  of  its  constituents  begin  to  decompose 
very  soon. 

"  The  urea,  for  example,  is  quickly  converted  into 
carbonate  of  ammonium.  Others  of  the  constit- 
uents, however,  are  less  ready  to  begin  to  decom- 
pose, and  when  decomposition  does  set  in,  although 
some  of  the  substances  may  undergo  chemical 
change,  there  stiU  remain  organic  nitrogenous 
compounds  in  the  mixture,  and  these  substances 
are  swept  along  by  the  rivers,  even  to  the  sea. 

"  The  carcass  of  a  dead  animal  thrown  into  a  river 
or  into  a  pond,  and  confined  there  so  as  not  to  be 
borne  off  bodily,  gradually  wastes  away,  and  in 
a  longer  or  shorter  time  the  main  part  of  the  car- 
cass has  disappeared.  What  has  become  of  it? 
A  part  has  been  converted  into  gaseous  products 
of  decomposition,  as  the  offensive  odors  observed 
during  the  decay  will  testify,  but  another  portion 
has  been  carried  off  by  the  stream  as  soluble  nitro- 
genous organic  matter.  This  nitrogenous  matter 
would  be  detected  a  short  distance  away  with 
greater  or  less  ease,  according  to  the  volume  of 
water  present,  and  in  a  stream  of  large  size  or  in  a 
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^'  lake,  at  no  very  great  distance  from  the  source  of 
**  contamination,  it  would  be  impossible  to  discover 
"  any  offensive  matter. 

"  There  is  a  hmit  to  the  dehcacy  of  our  tests ; 
"there  is  a  point  beyond  which,  at  the  present, 
"  we  are  not  able  to  go.  At  the  present  time  a 
"  chemical  analysis  alone  is  not  sufficient  to  deter- 
mine the  desirability  of  a  given  water  supply. 
The  rice-water  evacuations  of  a  cholera  patient 
"  diluted  with  no  very  large  amount  of  water  would 
"  form  a  Uquid  in  which  chemical  tests  would  fail  to 
"  indicate  the  presence  of  anything  which  would  be 
"  pronounced  injurious,  and  yet  there  is  no  destruc- 
"  tion  of  poisonous  material ;  it  is  still  in  the  hquid, 
"  although  not  to  be  recognized,  and  such  water  is 
"  now  regarded  by  physicians  as  the  most  direct  and 
"certain  vehicle  for  the  transmission  of  Asiatic 
"  cholera. 

"  The  second  opinion  is,  that  sewage,  if  diluted  to 
"a  very  considerable  extent,  becomes  innocuous.* 
"  This  opinion,  which  involves  questions  belonging 
"  to  the  physician  rather  than  to  the  chemist,  is  very 
"  likely  to  be  carried  too  far. 

"  I  do  not  know  that  we  have  any  proof  that  per- 
"fectly  fresh  sewage  (the  term  being  used  in  its 
"  more  restricted  sense)  coming  from  healthy  per- 
"  sons  when  mixed  with  water  is  injurious  if  drank. 
"It  would  probably  not  be  asserted  that  such  a 
"  mixture  was  actually  good  to  drink ;  it  would  cer- 
"  tainly  be  opposed  to  our  instinctive  ideas.  It  is 
"  true  that  fish  are  not  destroyed  by  even  a  con- 
"  siderable  discharge  of  fresh  sewage  into  a  stream. 
"  We  do  know,  however,  that  «iewage  which  has 
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"  begun  to  undergo  decomposition  is  unwholesome. 
"  Such  decomposing  seVage  has  been  observed  to 
"  destroy  and  drive  away  the  fish  from  the  stream  in 
"  the  immediate  neighborhood  of  the  point  of  dis- 
"  charge ;  and  there  are  a  great  number  of  instances 
"on  record  where  cases  of  sickness  have  been  traced 
"  directly  to  the  fact  that  the  water  used  for  drink- 
"  ing  was  rendered  foul  by  the  decomposing  excre- 
"  mental  matter  which  found  its  w^ay  into  the  source 
of  supply ;  and  drinking  water  polluted  by  even  an 
infinitesimal  amount  of  excremental  matter  com- 
ing from  those  suffering  from  typhoid  fever  is  now 
"  very  generally  held  to  be  capable  of  propagating 
"  that  disease. 

"  It  has  already  been  stated  that  sewage  matter 
"  itself  is  not  completely  destroyed  when  it  is  intro- 
duced into  a  running  stream,  and  is  borne  along 
even  for  many  miles.  We  must  suppose,  and,  in- 
"  deed,  have  every  reason  to  believe,  that  in  the 
"  case  of  sewage  which,  when  fresh,  is  capable  of 
"  communicating  disease,  the  destruction  of  the  pe- 
"cuUar  organized  matter  which  has  the  specific 
"  effect  must  be  more  slow  even  than  the  unorgan- 
"ized  effete  matter  which  forms  the  mass  of  the 
"  dissolved  and  suspended  sohd  matter  of  ordinary 
"  sewage.  In  the  case  of  certain  diseases,  which 
"  have  been  shown  by  experiment  to  owe  their  ori- 
"gin  to  the  presence  of  distinct  and  recognized 
"Uving  organisms,  it  has  been  found  that  these 
"  organisms  retain  their  vitahty  in  spite  of  very 
"  varied  conditions,  and  through  very  considerable 
"  changes  of  temperature. 

"  One  would  not  assert  that  the  drainage  from  a 
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single  house  would  contaminate  the  water  of  a 
large  river  like  the  Merrimac  so  as  to  make  it  unfit 
for  domestic  use,  yet  we  must  beware  how  we 
depreciate  the  effect  of  sewage  matter,  even  in  a 
"  large  stream. 

"  While  with  a  small  amount  of  sewage  the  chances 
'^are  as  favorable  as  possible  for  the  action  of  the 
'^^  atmospheric  influences,  and  the  chances  of  taking 
"  up  any  undecomposed  particle  of  material  capable 
"  of  propagating  disease  are  rendered  proportionally 
''  smaU,  owing  to  the  great  dilution,  it  is  to  be  borne 
^4n  mind  that  the  action  of  such  matter  on  the 
"  system  is  not  regarded  as  cumulative.  A  minute 
"quantity  may  do  much  harm,  because  it  is  now 
"generally  behoved  that  it  may  hold  the  specific 
"thing  which  propagates  specific  diseases. 

"In  the  case  of  certain  organic  poisons  which 
"  effect  the  system  through  the  blood,  the  experi- 
"  ments  of  M.  Chaveau  and  of  Dr.  Burdon-Sanderson 
"on  vaccine  matter  render  it  well-nigh  certain  that 
"no  amount  of  dilution  can  destroy  the  power  of 
"  infection  which  these  poisons  possess.  From  these 
"experiments,  it  appears  that  if  inoculation  be  per- 
"  formed  with  vaccine  lymph  after  it  has  been  very 
"much  diluted,  the  chance  of  the  formation  of  pus- 
"tules  is  rendered  less;  but  when  the  vaccination 
"is  successful,  the  pustule  formed  presents  its  nor- 
"mal  features,  and  passes  through  the  usual  stages 
"  of  development." 

In  the  examination  of  Grand  River,  therefore,  this 
question  becomes  of  vital  importance :  "  Is  the 
river  actually  contaminated  with  sewage  pollution? 
and  if  not,  is  it  probable  that  it  ever  will  be  ?  " 
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The  question  has  abeady  attracted  the  attention 
of  our  State  Board  of  Health.  The  President,  E. 
C.  Kedzie,  M.  D.,  in  the  annual  address  published  in 
the  report  of  1878,  says  : 

"  The  fear  is  expressed  that,  when  the  population 
*'  along  the  river  above  Detroit  becomes  greatly  in- 
"  creased,  the  water  of  Detroit  Kiver  will  be  unfit 
'^for  domestic  and  potable  use.  A  similar  trouble 
"  may  yet  vex  the  people  of  Lansing.  The  Grand 
"  Eiver  flows  from  Jackson  through  Lansing.  This 
*'  stream  receives  a  certain  amount  of  sewage  from 
"  Jackson,  and  this  polluting  material  is  reinforced 
^*  as  the  stream  flows  past  the  State  Prison,  where 
"the  night-buckets  of  all  the  prisoners  are  emptied 
"  into  a  sewer,  which  at  once  discharges  the  excreta 
"  of  nearly  1,000  men  into  Grand  Eiver." 

A  knowledge  of  the  density  of  population  on  dif- 
ferent drainage  areas  may,  in  a  general  way,  aid  in 
forming  a  conclusion  as  to  the  amount  of  sewage 
pollution  Ukely  to  find  its  way  into  the  streams.  A 
population  collected  in  cities  provided  with  water 
supply  and  sewerage  will,  evidently,  pollute  the 
waters  far  more  than  would  the  same  population 
scattered  over  a  wide  territory.  A  knowledge  of  its 
distribution  is,  therefore,  of  importance  as  a  means 
of  comparison  with  other  drainage  areas. 

The  area  enclosed  by  the  water-sTied  of  Grand 
Eiver  above  this  city  is  4,831  square  miles,  and  the 
population  upon  the  same  has  been  as  f oUows : 

In  1850 52,167 

"  1860 119,316 

''  1870 281,880 
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It  is  probably  safe  to  assume  that  the  population 
at  present  is  about  400,000,  or  83  per  square  mile. 

The  following  table,  compiled  mainly  from  a  re- 
port by  D.  M.  Green,  C.  E.,  on  a  supply  of  water 
for  the  city  of  Troy,  N.  Y.  (February,  1877),  exhib- 
its the  relative  density  of  population  upon  various 
drainage  areas  from  which  water  suppUes  are  drawn : 


NAME  OF  BOUBCB. 


Thames 

Sudbury,      fAt  the  time"^ 
Charles,        I  proposed  for 
Mystic,         I    additional 
Shawshine,  [      supply. 

Croton 

Hempstead,  and  others 

Mohawk 

Hudson,  above  Troy 

"        below  Monawk 

"        above  Albany 

"     Poughk'psie, 

Passaic 

Lamberton  Creek 

Indian  MiU  Creek 

Hemlock  Lake 


City  Bupplled. 


London 


Boston 


New  York 
Brookljm  . 


Albany 

Hudson  aad 
Poughkeepsie 
Newark 


Rochester 


Populat'n  per 

sq.  mile  of 
drainage  area 


270 

229 

166 

610 

79 

66 

119 

106 

36 

66 

77 

86 

132 
28 
38 
36 


74  BBPOBT  OF  CITY  SUBYEYOB 

There  are  looated  on  Grand  BiTer  and  its  triba- 
taries,  within  about  forty  miles  of  this  city,  villages 
as  follows,  with  population  as  given : 

Population 
in  1870. 

Kockford 682 

Cedar  Springs 600 

GreenviUe 1 ,807 

Lyons 704 

Ionia 2,600 

Saranac 724 

LoweU 1,603 

Ada 1,427 

Portland 1,060 

Hastings 1,793 

Total 12,700 

Suppose  the  population  of  these  villages  within 
this  decade  reaches  26,000,  and,  for  the  purpose  of  ar- 
gument, it  may  be  supposed  that  the  entire  drainage 
is  daily  discharged  into  the  river,  although  the  fact, 
probably,  is  that  not  ten  per  cent,  is  so  discharged. 
Hence,  if  the  26,000  persons  were  all  occupying 
premises  jnrovided  with  water- works  and  sewerage, 
the  discharge  from  the  sewers  would  approximate 
(26,000  X  60)  1,600,000  gallons  per  day;  and,.if  the 
minimum  flow  of  the  river  was  very  small,  it  would 
be  hopelessly  polluted  by  a  much  less  amount  than 
this,  or  even  by  the  Intermediate  Prison  at  Ionia. 
'  Its  volume,  therefore,  is  an  element  to  be  consid- 
ered, and  its  least  volume  will  exhibit  the  greatest 
amount  of  sewage  pollution,  if  any  exists. 

During  the  past  season  the  flow  of  the  river  was 
measured  when  it  was  said  to  be  nearly  as  low  as 
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had  ever  been  known  (although  this  may  not  have 
been  exactly  true).  The  first  fairly  accurate  meas- 
urement of  the  flow  was  made  October  1, 1879,  the 
result  being  613,000,000  gallons  per  day.  An  ap- 
proximate gauging,  made  September  29,  gave  676,- 
000,000  gallons  per  day,  while  a  careful  measurement 
made  October  14  under  unusually  favorable  condi- 
tions, gave  696,400,000  gallons  per  day. 

The  water  in  this  portion  of  the  river  averaged 
about  seven  feet  deep. 

The  surface  of  the  water  October  14  was  three 
inches  higher  than  it  was  at  the  close  of  the  pro- 
longed drought  in  August,  and  the  surface  of  the 
water  October  1  was  about  two  inches  higher  than 
at  the  lowest  stage. 

It  is,  therefore,  hkely  that  the  least  flow  was  about 
600,000,000  gallons  per  day,  or  0.19  cubic  feet  per 
second  per  square  mile  of  drainage  area. 

The  following  table  wiU  exhibit  the  least  flow  of 
some  streams  which  have  been  observed.  It  is 
taken  mainly  from  Croes  and  Howell's  report  on 
additional  supply  for  the  city  of  Newark : 
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Least  Flow  of  Stbeahs. 


AUTHORITY. 


T.  GEUis , 

C.  Herschel 

J.  F.  Smith . . . . 
Croes  &  Howell . 
J.  J.  E.  Croes . . 

C.  Herschel 

C.D.Ward... 

C.  Herschel 

J.  J.  R.  Croes . 
J.  P.  Kirkwood 


NAME. 


Connecticut  . . 

Merrimac 

Schuylkill 

Passaic 

Croton 

Concord* 

Hackensack 

Sudbury* 

Croton,west  br.* 
Thames,  Eng. . . 


Dr'nage  Area, 
sq.  miles. 


Date. 


10,234.00 

4,136.00 

1,800.00 

981.00 

338.82 

352.00 

84.00 

76.30 

20.37 

3,676.00 


18760.51 
18760.63 
18740.21 
18780.23 
18330.15 
18760.17 
118730.33 
18760.05 
18710.02 
118680.13 


*  Gaugixigs  have  not  oontinued  more  than  three  years. 

Suppose  the  consumption  of  water  in  the  city 
reaches  6,000,000  gallons  per  day,  or  one-hundredth 
of  the  least  flow  of  the  river.  Then,  if  the  pollution 
was  equal  to  the  amount  above  supposed,  one-hun- 
dredth part,  or  the  sewage  from  250  people,  would 
be  mixed  with  the  daily  supply. 

But  the  suppositions  made  are  suppositions  merely. 
The  small  towns  named  are  not,  as  far  as  I  know, 
provided  with  sewers,  and  nearly  all  the  sewage  or 
hquid  waste  is  destroyed  in  the  earth,  and  never 
reaches  the  river  at  all. 

The  late  James  P.  Kirkwood,  who  was  consulting 
engineer  of  the  State  Board  of  Health,  in  discussing 
the  question  of  sewage  pollution,  said  (report  of 
1876): 

"  It  cannot  be  said  that  all  rivers  receiving  sewage 
'*in  any  degree  are  unfit  for  use;  for,  of  the  rivers 
"from  which  water  is  freely  drawn  for  human  use, 
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"there  are  very  few  that  are  not  exposed  to  pollu- 
"tions  of  one  kind  or  another,  even  up  to  their 
"  sources.  There  is  no  such  thing  as  pure  water, 
"even  at  the  sources,  nor  anywhere  except  the 
"  laboratory.  Pure  water,  therefore,  or  good  water, 
"  in  ordinary  parlance,  is  understood  by  the  engineer 
"to  mean  a  potable,  wholesome  water,  not  insipid 
"hke  rain  water,  and  not  open  to  the  reception  of 
"that  class  of  impurities  which  endanger  the  indi- 
"vidual  health." 

Referring  to  the  water  supply  of  London,  he  says : 
"  The  London  water  companies  take  their  waters 
"from  the  river  (Thames)  at  Hampton  and  King- 
"ston.  The  sewage  of  Windsor  and  Eton  enter 
"the  river  some  fifteen  miles  above  these  points; 
"and,  although  the  banks  of  the  streams,  particu- 
"larly  the  eddies,  are  said  to  show  marks  of  the 
"  impurities  which  it  receives  above,  its  presence  at 
"  Hampton,  where  the  water  is  taken  for  the  city, 
"cannot  be  sensibly  distinguished,  or  proven  to 
"have  communicated  to  the  water  any  dangerous 
"  quaUties,  under  ordinary  circumstances.  For  this 
"  condition  of  things  (as  now  understood)  we  are 
"  indebted  to  the  fact  of  the  volume  of  sewage  being 
"  very  small  compared  to  the  volume  of  water  in  the 
"river;  the  sewage  so  largely  diluted  as  to  have 
"become  almost  an  unappreciable  quantity.  To 
"secure  this  dilution,  that,  if  the  river  be  a  quiet, 
"slow-flowing  stream,  it  might  take  ten  to  twenty 
"miles  to  secure  the  required  mixing;  but,  if  fast- 
"  running,  or  pouring  over  dams  and  falls  of  water, 
"a.much  less  distance  would  have  the  same  effect." 
At  that  time,  with  the  results  of  the  investigations 
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in  Europe  before  him,  and,  also,  all  the  facts  col- 
lected by  the  Board  of  Health  during  seven  years 
of  its  existence,  Mr.  Kirkwood  made  the  following 
statement : 

"  It  was  long  thought  that  the  sewage  was  de- 
^  stroyed  by  running  water,  but  now  it  is  believed 
'  by  chemists  to  be  all  but  indestructable  there,  and 

*  to  be  rendered  insensible  and  inert  only  by  being 

*  mixed  largely — thoroughly  diluted^  in  other  words^ 

*  toith  at  least  one  hv/ndred  times  its  volume  of  good 
^  water. ^^ 

Take,  now,  our  supposable  case  of  the  sewage 
from  25,000  persons  being  discharged  into  the  river 
within  the  forty  miles  of  the  city,  which  is  undoubt- 
edly many  times  as  much  as  actually  will  be  dis- 
charged into  it  in  many  years,  or  1,500,000  gallons 
per  day.  This  is  to  be  diluted  with  never  less  than 
600,000,000  gallons  of  ordinary  river  water ;  that  is, 
mixed  with  four  hundred  times  its  volume,  or  diluted 
to  an  extent  four  times  greater  than  the  amount 
behoved  by  Mr.  Kirkwood  to  be  sufficient  to  render 
it  inert,  and  twenty  times  as  much  as  was  beheved 
sufficient  by  Dr.  Letheby  to  accompUsh,  after  the 
water  has  run  a  dozen  miles  or  so,  the  same  residt. 

Take  the  case  of  the  Ionia  Prison,  the  sewage 
from  which  is  discharged  through  a  pipe  directly 
into  the  river.  The  officers  of  the  prison  inform  me 
that  accommodations  are,  or  are  to  be,  made  for  624 
prisoners,  and  that  the  sewage  amoimts  to  about 
35,000  gallons  per  day,  or  nearly  60  gallons  per  head. 

Suppose  that  the  number,  including  the  prison 
attendants,  is  increased  to  1,000,  and  that  the  sew- 
age amounts  to  60,000  gallons  per  day.  This,  diluted 
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with  the  low-water  volume  of  Grand  River,  will  be 
(me  part  of  sewage  in  ten  thotisandj  which  is  one 
hundred  times  the  amount  of  dilution  beheved  by 
Mr.  Kirkwood  to  be  sufficient  to  render  the  sewage 
inert. 

It  may  with  considerable  assurance,  therefore,  be 
affirmed  that  no  appreciable  amount  of  direct  sew- 
age pollution  exists  at  present  in  the  river  at  this 
point,  or  can  exist  for  many  years. 

But  there  is  another  consideration  that  should 
not  be  lost  sight  of,  and  that  is  the  habiUty  of  pol- 
lution from  cultivated  lands.  There  are  many  rivers 
whose  drainage  areas  are  partly  in  inaccessible 
mountain  regions  where  the  danger  could  not  exist, 
but  the  valley  of  Grand  River  is  all  fertile,  and 
likely  to  be  covered  by  population  largely  engaged 
in  agricultural  pursuits. 

It  is  possible  that  the  river  may  be  polluted  in 
this  way. 

The  second  EngUsh  Rivers  Pollution  Commission 
pubhsh  conclusions  based  on  the  examination  of 
some  two  thousand  samples  of  water  claimed  to  be 
drinkable,  condemning  river- water  because  it  is  Ua- 
ble  to  contamination  from  drainage  of  cultivated 
landj  towns  and  manufactories.  They  say  that 
"  the  admixture  of  even  a  small  quantity  of  infected 
"discharges  (of  persons  suflfering  from  cholera  or 
"tjrphoid  fever)  with  a  large  volume  of  drinking 
"water  is  sufficient  for  the  propagation  of  these 
"diseases  among  persons  using  such  water." 

Dr.  Folsom,  of  the  Massachusetts  State  Board  of 
Health,  says : 

"  The  most  striking  case  illustrating  this  law  is 
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''one  reported  by  Dr.  E.  D.  Mapother,  of  Dublin. 
"  Forty  oases  of  typhoid  fever  occurred  in  a  hospital 
"  which  received  its  supply  from  a  river.  The  cause 
"was  traced  to  some  barracks  twenty -five  miles 
^'higher  upj  from  which  typhoidal  dejections  had 
"been  emptied  through  drains  into  the  river." 

While  so  large  a  part  of  the  Grand  Eiver  valley 
is  thinly  populated  no  real  danger  may  exist  from 
this  source,  yet  it  may  be  well  to  keep  in  mind  the 
probable  effect  of  a  dense  population,  which  may  be 
living  in  the  valley  within  forty  or  fifty  years. 

An  Enghsh  periodical  records  that,  in  the  spring 
of  1876,  "  the  piers  of  Vauxhall  bridge  were  coated 
"with  a  covering  of  upward  of  a  foot  deep  of  soil, 
"brought  down  from  the  upper  portion  of  the 
"  Thames  during  one  tide,  and  this  minor  instance 
"  is  but  a  sHght  indication  of  the  enormous  deposits 
"cast  into  our  (British)  rivers  through  the  wash- 
"ing  of  the  surface  soil  from  the  adjacent  fields. 
"The  water,  before  being  drawn  into  the  Thames 
"companies'  reservoirs,  was  loaded,  consequently, 
"with  soil,  manure,  sewage,  and  every  imaginary 
"abomination  that  newly  ploughed  and  manured 
"fields  and  towns  could  supply." 

Of  course  it  would  be  foUy  to  pretend  that  any- 
thing of  this  kind  is  Ukely  to  occur  here  for  many 
years,  but  who  shall  say  that  such  a  condition  may 
not  occur  within  the  next  half-century?  And  in 
building  works  for  the  supply  of  water,  involving 
large  outlays  of  money,  we  should  build  for  the  good 
of  those  who  are,  in  the  future,  to  pay  the  debt. 
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As  to  the  present  quality  of  the  water:  The 
chemist's  report  shows  that  it  invariahly  contains  a 
much  larger  amount  of  nitrogenous  substances  than 
is  desirable ;  that  it  carries  ordinarily  a  considerable 
amount  of  visible  suspended  matter,  some  of  which 
requires  several  days  for  complete  subsidence ;  that 
it  has  a  decided  taste  and  color ;  that  it  is  so  turbid 
at  .times  from  heavy  rains  that  ordinary  type  cannot 
be  seen  through  a  thickness  of  seven  inches,  and 
that  some  of  the  suspended  particles  are  so  minute 
that  filtration  through  paper  or  sand  fails  to  remove 
them. 

The  excess  of  vegetable  organic  matter  may  be 
ascribed,  in  part,  to  the  fact  that  wide  areas  lying 
within  the  water-shed  are  covered  with  vast  quan- 
tities of  fallen  decaying  timber.  The  banks  of  the 
river  are  also,  in  many  cases,  well  Uned  with  debris 
from  the  logs  that  are  annually  floated. 

These  causes  will  naturally  grow  less  from  year  to 
year  as  the  coimtry  becomes  more  settled,  the  grad- 
ual lessening  of  one  source  of  contamination  involv- 
ing, to  some  extent,  the  increase  of  another. 

There  can  be  no  doubt  but  the  most  complete 
means  of  clarification  should  be  adopted  to  make 
the  water  of  the  river  acceptable,  or  in  any  way 
desirable. 

The  hardness  of  the  river  water  is  ordinarily  ex- 
cessive, and  could  not  be  lessened  by  the  method 
of  filtration  proposed,  while  it  might  possibly  be 
slightly  increased. 

I  xmderstand  that  the  experience  of  those  who 
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have  used  the  river  water  for  steam  purposes  is  very 
unfavorable,  and  that  the  water  is  regarded  as  highly 
objectionable  for  such  purposes. 

The  methods  of  purification  in  common  use  are 
copies  of  natural  methods.  They  are  principally 
filtration,  either  natural  or  artificial,  and  subsidence 
and  precipitation,  or  combinations  of  both. 

Many  rivers  have  deep  deposits  of  sand  and  gravel 
along  their  shores,  which  furnish  water  often  of 
great  purity.  When  a  basin,  well  or  covered  gallery 
is  sunk  or  extended  through,  along  or  into  such 
strata,  a  supply  of  water  can  be  obtained  depending 
in  amount  upon  the  porosity  of  the  sand  or  other 
material  lying  between  the  gallery  and  the  main 
body  of  water,  the  distance  through  which  the  water 
percolates,  the  infiltration  area  of  the  receiving 
gallery,  and  the  difference  in  level  between  the  wa- 
ter in  the  gaUery  or  well  and  the  water  which  sup- 
phes  it. 

A  number  of  cities  in  this  country  and  in  Europe 
are  thus  supphed  by  natural  infiltration.  The 
general  experience  regarding  this  method  maybe 
thus  stated : 

"  So  fax  as  known,  the  same  result  has  been  ex- 
*  *  perienced  in  every  case .  The  supply  is  very  limited 
"in  quantity,  is  evidently  more  derived  from  the 
"  ground- water  on  the  land  side  than  from  the  river, 
"  and  partakes  of  the  character  of  water  from  shal- 
*4ow  wells  rather  than  that  of  purified  river  water." 
(Croes  and  HowelVs  Newark  Beport^  1879.) 

When  waters  carrying  matters  in  suspension  are 
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filtered  through  sand  or  gravel,  the  surface  of  the 
filtering  medium  soon  becomes  coated  with  a  deposit 
which  becomes  more  and  more  impervious.  This 
wiU  take  place  in  a  river  bed  through  which 
water  is  percolating  to  feed  an  infiltration  gallery; 
and  unless  the  river  current  is  so  rapid  as  to  remove 
the  deposits  of  silt,  or  they  are  periodically  removed 
by  floods  or  freshets,  the  action  of  the  gallery  is 
likely  to  be  unsatisfactory,  so  far  as  drawing  water 
from  the  river  is  concerned. 

An  essential  condition  to  the  success  of  infiltra- 
tion basins  or  galleries  is,  that  the  river  bed  or  sur- 
face through  which  the  water  percolates  should  be 
clean  and  porotcs. 

I  havfe  examined  the  river  for  several  miles  above 
the  city  with  reference  to  the  feasibiUty  of  an  in- 
filtration gallery,  but  without  finding  the  conditions 
requisite  for  success. , 

Artificial  filtration  through  beds  of  sand  has  long 
been  practiced  in  England,  France  and  Germany 
with  success.  Such  beds  are  found  to  clear  the 
waters  of  matter  in  suspension,  such  as  particles  of 
mineral  substances,  minute  vegetable  fibres  and  or- 
ganisms, the  spawn  of  fish,  and,  to  a  shght  extent, 
of  matters  in  solution. 

This  method  of  purification  has  been  practiced  in 
this  country  only  a  few  years,  Poughkeepsie,  on  the 
Hudson,  being,  in  1871,  the  first  American  city  to 
adopt  the  filter-bed  system  of  clarification. 

This  subject  has  been  very  thoroughly  examined 
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by  Prof.  W.  Eipley  Nichols,  of  Boston,  whose  con- 
clusions axe  thus  stated : 

(1)  "  No  material  has  yet  been  brought  into  prac- 
tical use  for  artificial  filtration  on  the  large  scale 
except  sand. 

(2)  "  With  our  present  knowledge,  we  have  no 
evidence  that  sand  filtration  can  be  regarded  as  an 
efficient  means  of  purification  of  polluted  water, 
although  it  may,  if  properly  carried  out,  lessen  the 
Uability  of  ill  effects. 

(3)  "  All  visible  suspended  particles,  and  an  ap- 
preciable proportion  of  organic  matter  actually  in 
solution,  may  be  removed  by  properly  conducted 
filtration  through  sand. 

(4)  *^  For  the  present,  at  any  rate,  it  will  be  best 
to  regard  artificial  filtration  mainly  as  a  means  for 
the  removal  of  suspended  matters,  although,  under 
the  management  of  a  person  of  inteUigence,  educa- 
tion and  experience,  the  simple  sand-filter  is  capa- 
ble of  producing  sensible  improvement  in  respect 
to  the  organic  matter  which  is  dissolved  in  the 
water.  In  ordinary  practice,  however,  it  is  quite 
certam  that  sufficient  care  will  not  be  taken  to 
secure  such  results ;  and,  in  view  of  what  is  actually 
accompUshed  in  existing  works,  it  seems  to  be  best 
to  regard  the  removal  of  color  and  unpleasant 
taste  as  incidental,  and  Ukely  to  vary  very  much, 
according  to  the  condition  of  the  filter.  As  the 
pubUc  mind  becomes  educated  in  the  matter,  a 
higher  standard  of  efficiency  may  be  exacted ;  but 
for  the  present,  it  should  not  be  held  out  to  towns 
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'  and  Water  Boards,  as  a  result  which  will  follow 
'filtration  through  sand,  that  a  water  which  is 

*  naturally  strongly  colored  by  vegetable  extractive 
'  matter  wiU  be  rendered  colorless  in  ordinary  prac- 
tice, although  it  is  true  that,  starting  with  an 
'  entirely  new  filter,  the  first  portions  of  water  fil- 

*  tered  may  be  deprived  of  color,  and  such  an  ex- 

*  periment  has  often  led  into  error. 

(6)  "It  is  not  worth  while  to  introduce  a  system 
'  of  sand  filtration  in  the  case  of  any  town  supply, 
'  unless  there  is  the  willingness  to  make  such  outlay 
'  for  construction  and  maintenance  as  shall  render 
'  the  scheme  thorough  and  efficient."  (NichoW  Fil- 
tration of  Potable  Waters^  1879.) 

In  the  estimates  which  have  been  prepared,  pro- 
vision is  made  for  the  daUy  clarification  of  3,000,000 
gallons  by  means  of  one  subsiding  reservoir  holding 
6,000,000  gallons,  three  filter-beds,  and  one  clear 
water  reservoir,  to  hold  1,500,000  gallons.  The  es- 
timates include  cost  of  two  low-pressure  compound 
engines,  each  capable  of  raising  3,000,000  gallons 
into  the  proposed  settUng  basin  in  twenty-four  hours, 
and  two  additional  boilers. 

As  the  whole  pumping  system  could  be  more 
cheaply  and  readily  managed  at  one  station,  and 
as  the  engine  house  at  the  filter-beds  can  be  easily 
made  to  accommodate  the  whole  plant,  the  cost  of 
removing  the  present  pumping  machinery  is  in- 
cluded. 

The  estimates  for  settling,  filter-beds  and  clear 
water  basin  are  for  thorough  and  substantial  work, 
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and  include  suitable  covering  for  the  clear  water 
basin. 

The  operation  of  the  completed  works  would  be 
as  f  oUows :  The  river  water  would  be  dravni  through 
a  suitable  conduit  to  a  pump-well,  from  which  it 
would  be  hfted  by  the  low-service  pumps  into  the 
settling  basin  on  the  shghtly  elevated  lands  east  of 
the  river ;  from  the  settling  basin  the  water  would  be 
drawn  on  to  the  filter-beds,  the  water,  after  filtra- 
tion, passing  down  into  the  clear  water  basin,  from 
which  it  will  be  drawn  by  the  high-service  engines 
•  (that  is,  the  present  machinery)  and  forced  into  the 
distribution.  Suitable  pipes  and  other  fixtures  to 
be  provided  for  emptying  any  of  the  beds  or  basins, 
and  for  such  other  operations  as  are  necessary. 

The  upper  portions  of  the  filter-bed  walls  will  be 
nearly  vertical,  to  lessen  the  difficulties  from  ice, 
and  to  avoid,  if  possible,  all  trouble  from  this  source; 
provision  will  be  made  for  surrounding  each  basm 
below  the  water-line  with  a  line  of  hot  water  or 
steam-pipe,  to  be  supplied  from  the  boHers.  I  think 
this  will  avqid  entirely  the  labor  of  keeping  the  ice- 
sheet  free  from  the  walls,  and  at  a  nominal  cost. 

As  the  idea  of  double  pumping  may  seem  unneces- 
sary, the  causes  which  suggest  it  may  be  stated. 

Apparently,  at  first  sight  aU  that  is  necessary  is 
to  build  the  filtering-beds  on  the  river  level,  that  is, 
below  low  water,  and  from  them  convey  the  water 
to  the  present  pumping  works.  This  would  be  in- 
expedient with  the  present  pumping  machinery  as 
located. 
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The  surface  of  the  low  water  in  the  river  at  the 
point  designed  for  the  river  works  is  14.60  feet  below 
that  point  in  the  pumps  where  the  water  has  to  be 
forced  by  atmospheric  pressure.  To  operate  the 
filter-beds,  their  outlet  must  be  at  least  one  foot 
lower  than  low  water  in  the  river,  and  the  friction 
on  two  miles  of  twenty-four '  inch  pipe  conveying 
water  at  a  suitable  rate  would  require  about  nine 
feet  faU  to  balance  it,  and,  hence,  the  vertical  hft 
at  the  pumps  would  be  nearly  twenty-five  feet, 
which  is  greater  than  is  desirable.  The  deUvery 
main  and  the  filter-beds  could  also  only  deUyer  their 
fuU  capacity  when  the  pumps  were  in  operation, 
and,  hence,  to  derive  the  fuU  benefit  of  the  system, 
it  would  be  necessary  to  pump  continuously. 

To  make  the  filter-beds  of  such  size  as  would  enable 
ihem  to  deliver  all  the  water  required  in  twelve  or 
fifteen  hours  per  day  would  involve  a  large  and  un- 
necessary expense. 

To  lay  a  conduit  from  two  feet  below  low  water 
to  the  pump  house  would  involve  a  continuous  cut- 
ting of  about  seventeen  feet  for  nearly  two  miles,  a 
considerable  part  of  which  would  be  in  rock,  and 
under  water. 

To  construct  the  filtration  system  below  low  water 
would  involve  raising  the  walls  of  the  beds  and  basins 
to  such  height  as  woidd  prevent  their  overflow  from 
high  water,  while  it  would  be  very  diflBcult  to  clean 
out  the  deposits  in  the  settling  basins. 

The  construction  of  the  works  below  the  bed  of 
the  river  would  be  much  more  expensive,  and  their 
operation  and  maintenance  much  more  unsatisfac- 
tory, than  if  located  a  short  distance  east  of  the 
river,  as  designed. 
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THE  ECONOMIC  VALUE  OF  SOFT  WATER. 


It  is  generally  kaown  that  hard  waters  are  un- 
suitable for  purposes  requiring  the  use  of  soap,  for 
use  in  steam  boilers,  and  for  many  manufacturing 
operations. 

In  the  use  of  hard  water  for  steam  purposes,  scale 
is  rapidly  formed,  which  endangers  the  safety  of  the 
boiler,  and  materially  shortens  the  time  during 
which  it  can  be  used.  The  scale  is  a  good  non-con- 
ductor of  heat,  and,  hence,  extra  amounts  of  fuel 
must  be  used,  and  consequently  the  expense  of  the 
same  is  proportionately  increased. 

In  the  use  of  hard  water  for  washing  purposes,  a 
certain  amount  of  soap  is  neutraUzed  before  useful 
effect  is  produced.  Each  grain  of  lime  per  imperial 
gallon  destroys  ten  grains  of  pure  soap,  and  this 
furnishes  a  measure  of  comparative  value.  Thus, 
an  imperial  gaUon  of  water  of  ten  degrees  of  hard- 
ness destroys  one  hundred  grains  of  soap  before  a 
lather  can  be  formed. 

It  is  estimated  that  four  imperial  gallons  is  the 
smallest  amount  of  water  used  per  individual  for  all 
washing  purposes,  and  that  where  baths  are  com- 
mon sixteen  gallons  are  thus  daily  used.  (Parkes' 
Hygiene.) 

Suppose,  now,  that  this  city  had  a  population  of 
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40,000,  and  that  the  daily  amount  of  water  used  for 
washing  purposes  requiring  soap  was  80,000  imperial 
gallons,  or  only  dne-haU  as  much  as  competent  au- 
thorities declare  as  the  smallest  amount  which  is 
used,  and  that  the  hardness  of  the  water  was  ten 
degrees.  Then  100  grains  of  soap  per  gallon  would 
be  neutralized,  and  (M£l_^*?^)  1143 pounds  of  soap 
would  represent  the  daily  loss.  This  at  8  cents  per 
pound,  which  is  a  fair  price  for  the  purest  soaps, 
would  amount  to  $91.44  cents  per  day,  and  $33,375.60 
per  year. 

Writers  upon  this  subject  say  that  the  wear  and 
tear  upon  clothing  washed  with  hard  water  amounts 
to  as  much  as  the  loss  in  soap. 

At  the  Bolton  Union  work-house,  England,  about 
$6  per  week  was  saved  in  soap  alone  by  changing 
from  a  water  of  five  to  a  water  of  two  degrees  of 
hardness. 

It  was  estimated  in  1868  that  the  people  of  the 
city  of  Providence,  B.  I.,  would  save  annually  $42,- 
000  by  substituting  river  water  for  well  water. 

It  cannot  be  questioned  that  the  annual  loss  to  a 
city  provided  with  water  of  excessive  hardness  is 
very  great;  that  its  use  is  followed  by  great  incon- 
venience and  waste ;  that  much  expense  is  incurred 
in  the  construction  of  cisterns,  pumps  and  other 
arrangements  to  secure  suppUes  of  soft  water,  ex- 
pense amounting  in  the  aggregate  to  large  sums; 
and  that  important  manufactories  cannot  be  suc- 
cessfully conducted  where  suppUes  of  soft  water  are 
wanting. 
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DR.  CLARK'S  PROCESS  FOR  SOFTENING 

HARD  WATERS. 


This  process  was  devised  by  Dr.  Clark,  of  the 
University  of  Aberdeen,  and  first  published  in  1841. 

When  the  hardness  in  water  is  due  to  the  bi-car- 
bonates  of  lime  and  magnesia,  the  water  is  softened 
by  boiUng,  and  practically  the  same  effect  may  be 
brought  about  by  the  proper  addition  of  lime.  The 
lime  unites  with  the  bi-carbonates  to  form  simple 
carbonates^  which  are  deposited  as  a  white  powder. 
At  the  same  time  the  suspended  matters  which -the 
water  may  have  contained  are,  in  a  great  measure^ 
removed,  and  also  a  large  proportion  of  organic 
matter  in  solution. 

Water  softened  by  Clark's  process  is  remarkably 
clear  and  transparent,  and  when  seen  in  mass  pre- 
sents the  beautiful  blue  tint  so  suggestive  of  purity. 

Tested  by  the  electric  light  process  of  Prof.  Tyh- 
dall,  the  waters  of  the  famous  Loch  Katrine  SLppesu 
like  a  muddy  pool  when  compared  with  the  unjrield- 
ing  transparency  of  the  softened  water  of  the  Cater- 
ham  water  works.* 

To  apply  the  process,  clear  hme  water  is  prepared 
in  suitable  tanks,  and  then  mixed  with  the  hard 

*  Since  this  report  was  written,  I  have  received  a  note  from  J.  B.  Dowses, 
manager  of  the  Caterham  Water  Company,  in  which  he  states  that  the  works  for 
softening  have  been  in  operation  since  1862.  The  softened  water  is  verysatisfae- 
tory  for  steam  purposes,  and  especially  so  from  a  sanitary  standpoint.  The  works 
are  entirely  successful,  and  none  have  failed.  New  works  are,  from  time  to  time, 
being  constructed.  The  cost  for  lime  and  labor  is  $10  per  million  imperial  gal- 
lons, or  Sasi  per  million  American  gallons. 
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water  which  is  to  be  softened  by  running  both  by 
properly  proportioned  streams  into  depositing  basins. 
After  standing  a  few  hours  in  the  depositing  basins^ 
the  settUng  process  is  so  far  advanced  that  the  clear 
water  may  be  drawn  from  the  surface  for  use. 

The  only  objection  to  the  process  which  is  a  real 
objection  is  that  relating  to  the  cost,  but  this  is 
many  times  compensated  for  by  the  value  of  the 
purified  and  softened  water.  The  cost  is  stated  to 
be  small,  and  that  1,000,000  imperial  gallons  with 
a  temporary  hardness  of  14  degrees  can  be  softened 
at  a  cost  for  lime  and  labor  of  about  23  English 
shillings,  or  $4.60  per  1,000,000  American  gallons. 
{Lippincotf  8  Encyclopedia  of  Chemistry,  1879.) 

Dr.  Frank! and  stated  before  the  Commission  on 
the  London  Water  Bill  that  in  several  places  where 
entire  water  suppUes  were  softened,  the  cost  for 
lime  was  $3.00  per  miUion  imperial  gallons,  or  $2.50 
per  miUion  American  gallons. 

It  is  Ukely  that  the  cost  here  would  much  exceed 
the  above  figures,  which  make  no  account  of  inter- 
est on  the  original  outlay ;  still  the  cost  of  soften- 
ing may  be  stated  as  but  a  small  part  of  the  total 
amount  which  represents  the  actual  cost  of  the 
water  to  the  community. 

Waters  containing  a  large  amount  of  organic 
matter  or  matters  in  suspension,  require  a  much 
longer  time  for  the  operation  of  setthng  than  do 
organically  pure  waters;  hence  the  process  should 
be  supplemented  by  the  ordinary  methods  of  purifi- 
cation whenever  the  water  to  be  softened  is  at  all 
turbid  or  contains  much  organic  matter. 

The  system  is  in  active  operation  at  the  Chiltem 
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Hills  Water  Works,  at  Caterham,  Canterbury, 
Bushby  and  other  plaoes.  In  no  instance,  however, 
is  the  operation  carried  on  npon  a  scale  as  large  as 
would  be  necessary  here. 

In  regard  to  this,  however.  Prof.  W.  Ripley 
Nichols,  who  may  be  regarded  as  the  first  American 
authority  upon  potable  waters,  says:  "  There  is  no 
^^  serious  difficulty  in  applying  this  process  on  a  very 
^^  large  scale. '^ 

Mr.  Thum  has  made  a  number  of  experiments  in 
this  connection,  and  his  note  in  relation  to  them 
will  be  found  in  the  Appendix,  in  which  he  says : 
"It  is  evident,  that  by  the  application  of  Clark's 
"process,  the  city  may  obtain  a  pure  and  soft 
"water." 

It  is  frequently  asked.  Is  it  possible  for  us  to  ob- 
tain a  water  that  is  in  every  way  desirable  ? 

The  experiments  made  by  Mr.  Thum  warrant 
him  in  saying  that  it  is  possible. 

Prof.  Nichols  assures  us  that  there  is  no  serious 
difficulty  in  the  way  of  the  apphcation  of  Clark's 
process  on  a  very  large  scale. 

Standing  far  above  the  economic  phases  of  this 
question  is  the  question  of  purity.  Mr.  Thum  states 
that  the  softened  waters  of  Indian  Mill  Creek  have 
.  of  albuniinoid  ammonia  only  one-half  as  much  as  the 
natural  water,  and  that  the  sediment  deposited  du- 
ring the  hme  process,  which  in  water  free  from  or- 
ganic matter  would  be  white,  is  much  colored  by 
the  organic  matters  thrown  down,  reducing  the  al- 
buminoid ammonia  to  an  amount  smaller  than  is 
found  in  most  of  our  American  water  suppUes.  In 
other  words,  the  hme  softening  process  reduces  the 
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amount  of  organic  matter  in  the  water  about  one- 
half,  and  to  a  point  where  the  water  may  be  called 
organically  very  pure.  If  it  is  possible,  as  suggested 
by  the  examinations  and  experiments  made,  to  se- 
cure a  water  of  only  4  degrees  hardness,  and  which 
shall  be  without  a  trace  of  color  or  a  suspicion  of 
taste ;  containing  no  more  organic  matter  than  is 
found  in  the  waters  of  Lake  Michigan,  or  the  Niag- 
ara; that  is  to  say,  a  water  the  quaUty  of  which 
would  probably  be  ^fcexcelled  by  that  of  few,  if  any, 
cities  in  the  United  States ;  is  it  not  advisable  that 
all  requisite  steps  should  be  taken  which  would  lead 
to  so  desirable  a  result  ?  Probably  in  no  way  could 
our  industrial  enterprises  be  so  encouraged,  the 
sanitary  condition  of  our  city  so  improved,  and  the 
health  and  comfort  of  our  citizens  so  well  assured  as 
by  the  introduction  of  a  supply  of  soft,  pure  water. 


•n 
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COMPARISON  OF  PROPOSED  SOURCES. 


In  the  estimates  on  Indian  Mill  Creek  which  are 
submitted,  provision  has  been  made  for  the  con- 
struction of  an  artificial  lake  for  impounding  and 
purifying  the  water,  with  the  expectation  that  a 
daily  average  of  6,000,000  gallons  can  be  provided. 
It  is  expected  that  the  quaUty  of  the  water  will  be 
generally  much  superior  to  the  natural  waters  of  the 
creek,  the  favorable  results  being  brought  about  by 
natural  influences  in  the  lake.  I  am  of  the  opinion 
that  the  water  thus  provided  wiU  be  clear,  and 
generally  without  much  color  or  taste,  wholesome 
and  safe  in  use.  That  it  will  be  hard  there  can  be 
no  doubt,  although  it  will  probably  be  less  objec- 
tionable in  this  regard  than  the  water  from  the  river, 
and  less  than  the  general  average  of  the  stream. 

The  estimates  prepared  for  Grand  River  contem- 
plate the  most  complete  sand  filtration,  as  the  gen- 
eral character  of  the  water  is  such  that  nothing 
short  of  this  would  accomphsh  a  desirable  result. 

The  sand  filtration,  if  properly  managed,  will  re- 
move the  suspended  matters,  but  it  must  not  be 
relied  on  to  remove  any  color  or  unpleasant  taste 
which  the  water  may  have,  and  but  a  small  propor- 
tion of  the  dissolved  organic  matters,  while  the 
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hardness,  which  is  generally  excessive,  will  remain 
substantially  unchanged. 

A  certain  degree  of  suspicion  will  always  be  enter- 
tained by  many  of  our  people  in  regard  to  the  quaUty 
of  the  river  water,  while  its  color,  taste  and  exces- 
sive hardness  wiU  operate  against  its  general  use, 
upon  which  everything  relating  to  the  success  of  the 
works  depends. 

In  regard  to  matters  of  cost,  it  should  be  remem- 
bered that  it  is  the  annual  interest  and  maintenance 
accoimt  that  are  to  be  considered,  because  this  is 
the  measure  of  the  cost,  or  the  annual  tax  which 
must  be  met. 

The  river  estimates,  based  on  a  daily  sup- 
ply of  3,000,000  gallons,  including  the 
cost  of  the  force  main  as  far  as  the 
site  of  the  pumping  station  on  Canal 
street,  give,  as  the  cost  of  furnishing 
1,000,000  gaUons $      20.72 

The  estimated  cost  of  furnishing  Indian 
Mill  Creek  water  per  million  gallons, 
when  6,000,000  gallons  per  day  are  used.         -8.89 

And  when  3,000,000  per  day  are  used 17.78 

The  actual  cost  per  miUion  gallons  of  our  present 
supply  is  as  f  oUows : 

Annual  interest  on  water  bonds  outstand- 
ing, $382,000  at  8  per  cent $30,560.00 

Annual  maintenance  and  operation  last 
year 9,417.11 

Cost  of  furnishing  404,000,000  gallons.  .$39,977.11 
"    "  "  1,000,000      "      ..         98.95 
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The  cost  of  a  new  supply  would  be  represented  by 
a  larger  interest  account  and  a  larger  account  for 
maintenance  than  is  shown  above. 

Suppose  works  for  additional  supply  cost  $350,000, 
and  furnish  3,000,000  gallons  per  day.  Then  we 
have  as  our  future  annual  expense  for  water,  not 
including  the  additional  outlay  for  extension  of 
mains  that  may  be  necessary  before  the  consump- 
tion reaches  the  3,000,000  gallons  per  day : 

Interest  on  $382,000  at  8  per  cent $30,560.00 

"       "  $350,000  at  6    "    "    * 21,000.00 

Take  as  an  item  for  purification 7,000.00 

Pumping 16,425.00 

Superintendent  and  office  expenses,  etc . .    4,000.00 

Cost  of  furnishing  1,095,000,000  gallons .  $78,985.00 
"    "         "  1,000,000      "      .  72.13 

In  this  estimate  is  included  an  item  for  purifica- 
tion amounting  to  $6.39  per  milUon  gallons. 

Thus  we  may  expend  an  additional  $360,000  for 
a  new  supply,  and  expend  $6.39  per  miUion  gallons 
for  purification,  and  then  as  soon  as  the  consump* 
tion  reaches  the  daily  average  of  3,000,000  gallons, 
the  cost  of  the  water  per  gallon  would  be  considera- 
bly less  than  was  actually  paid  during  the  past  year. 

The  construction  of  works  for  additional  supply 
would,  however,  result  at  first  in  an  increased  tax, 
as  the  consumption  would  not  reach  the  maximum 
of  3,000,000  gallons  for  a  considerable  period,  and, 
hence,  will  be  seen  the  importance  of  securing  such 
water  as  will  result  in  the  largest  and  most  general 
use.    If  such  general  use  be  secured,  then  the  water 

*  ^have  good  aafhorlty  for  the  statement  that  water  loan  bonds  hearing  6  per 
cent.  Interest  oonld  he  readily  sold  at  par. 
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revenue  will  soon  be  sufficient  to  provide  payment 
for  all  annual  expenses,  and  the  community  be  really 
subjected  to  no  greater  expenses  than  at  present, 
as  that  which  is  now  used  in  the  construction  and 
purchase  of  equipments  for  private  supplies  of  water 
will  be  diverted  into  the  public  treasury. 

As  an  example  of  the  financial  success  which  fol- 
lows the  general  use  of  public  water,  the  city  of 
Lynn,  Mass.,  may  be  cited.  The  population  is  35,- 
000;  cost  of  the  works,  $1,001,820.29;  water  debt, 
$921,500.00.  The  water  revenue  the  past  year  was 
$73,791.47,  which  was  sufficient  to  pay  the  annual 
expenses  of  maintaining  and  operating  the  works, 
the  entire  interest  on  the  debt,  and  still  leave  $12,- 
749.09  to  account  of  the  water  debt  sinking  fund. 
It  is  estimated  that  61  per  cent,  of  the  entire  popu- 
lation are  suppUed  from  the  city  mains. 

At  first  sight  it  might  appear  that  the  water 
takers  in  Lynn  are  heavily  taxed,  but  this  is  in 
appearance  rather  than  in  reahty,  the  water  rates 
averaging  but  a  fraction  more  than  the  rates  here, 
while  the  family  rate  is  much  less.  During  the 
past  year  the  amount  of  revenue  received  for  each 
service  in  this  city  averaged  $18.94,  while  the 
amount  paid  per  service  in  Lynn  was  $17.88.  If  an 
accurate  estimate  could  be  made  of  the  annual  ex- 
pense which  is  incurred  by  our  citizens  in  the 
aggregate  for  the  construction  and  maintenance  of 
weUs  and  cisterns,  the  purchase  of  pumps,  pipes, 
conductors,  filters  and  other  appurtenances  for  the 
procurement  of  suppUes  of  water,  it  is  quite  proba- 
ble that  it  would  appear  that  we  paid  proportion- 
ately as  much  as  do  the  people  of  Lynn,  while  the 
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difference  in  the  value  of  the  results  derived  is  in- 
calculably great. 


It  remains  for  me  to  express  my  thanks  to  my 
assistants,  H.  A.  Collar  and  G.  A.  Christ,  who 
have,  unassisted,  done  all  of  the  field  work,  and 
made  many  of  the  calculations  necessary  in  the 
preparation  of  this  report  and  the  accompanjring 
plans. 

I  am  also  under  especial  obhgations  to  Hugo 
Thum,  Ph.  C,  for  his  very  valuable  report  annexed, 
and  also  for  many  important  suggestions. 

My  thanks  are  also  due  the  several  members  of 
the  Board  of  Pubhc  Works  for  their  cordial  co- 
operation. 

Respectfully  submitted. 

A.  C.  SEKELL, 

City  Surveyor. 

Grand  Rafids,  Michigan,  June  80, 1880. 


APPENDIX. 


APPENDIX.  101 


GRAND  BIVEB. 

Appboximate  Estimate   for   Furnishing   3,000,000 
Gallons  of  Filtered  Water  per  Day. 

(1) 

INLET  OBIB  AND  CONDUIT  TO  PUMP  WELL. 

Crib  work  in  river %    400.00 

200  ft.  wrought  iron  pipe,  24-inch,  at  4.50        900.00 
880  ft.  brick  conduit,  at  4.00 3,620.00 

$4,820.00 
(2) 

Engine  house,  foundations  and  pump  well  $25,000.00 

(3) 

Two    3,000,000-gallon   pumping  engines 
and  boilers  complete. .- $10,500.00 

(4) 

FILTEB-BEDS,  BASINS  AND  CONNECTIONS. 

28,000 cubic  yards  embankment, at  10..%  2,800.00 

45,000     "        "      excavation,  at  .30. .. .  13,500.00 

10,911     "        "      puddle,  at  1.50 16,366.60 

2,701     "        "      concrete,  at  6.50 ....  17,556.50 
2,701     "        "      cobble  in  cement,  at 

5.50 14,855.50 

1,767     "        "      rubble  in  cement,  at 

6.50 11,485.54 

623  square  "      cobble  pavement,  at 

.60 373.80 

2,422  linear  feet  stone  coping,  at  .75. . .  1,816.50 


L_ 
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105,000  brick,  at  14.00 1,470.00 

4,680  feet  drain  and  air  pipe,  at  .60 2,340.00 

3,340  cubic  yards  sand,  at  .76 2,605.00 

2,605     "        "      screened    gravel,    at 

1.26 3,131.25 

4,175     "        "      broken  stone,  at  2.60.  10,437.50 

2,160  feet  16-inch  cast  iron  pipe,  at  3.00 .  6,480.00 

1,620    "  20-inch    "     "      "     at  3.60.  6,670.00 

Gate  houses 1,000.00 

Cut  stone  in  effluent  chambers 760.00 

Screens 300.00 

Special  castings,  valves  and  fixtures 3,600.00 

Roof  on  clear  water  basin 10,000.00 

(5)  $126,438.09 

FOBOING  MAIN. 

9,600  feet  24-inch  cast  iron  pipe  to  Cold- 
brook  street,  at  6.26 $49,876.00 

SUMMABY. 

(1)  Inlet  crib  and  conduit. $  4,820.00 

(2)  Engine  house,  foundations  and  pump 

weU 26,000.00 

(3)  Pumping  engines  and  boilers 10,600.00 

(4)  Filter-beds,  basins  and  connections .  1^,438.09 
(6)  Forcing  main fe,876.00 

(6)  Land  and  land  damage 6,000.00 

(7)  Fencing 400.00 

(8)  Removing   pumping   machinery   to 

new  site 6,000.00 

(9)  Engineering 8,000.00 

(10)  Omissions  and  contingencies,  10  per 

cent 23,603.09 

Total $269,63618 
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Annual  interest  on  $259,636.18  at  6  per 

cent f  15,678.17 

Annual  cost  of  maintaining  filters 3,285.00 

"         "     "  low-service  pumping 3,832.50 

Cost  of  delivering  1,095,000,000  gaUons.  .$  22,695.67 
"    ''         ''  1,000,000     "      ..  20.72 


INDIAN  MILL  GBEEK. 

Approximate  Estimate. 

(1) 

Land  and  water  damages $  25,000.00 

(2) 

IMPOUNDING  BESBBVOIB,  EXCLUSIVE  OF  DAM. 

Changing  line  of  highway $  3,000.00 

Grubbing  and  clearing 2,000.00 

Bemoving  sod  and  sanding  surface. . '  8,000.00 

14,600  cubic  yards  gravel,  at  .60 7,800.00 

43,700  square  yards   cobble   paving  on 

slopes,  at  .50 21,850.00 

Fencing 750.00 

*         Total $^,mOO 

(3) 

DAM,  WASTE  WEI&  AHD  AFPUBTSNANOES. 

41y50O  cubic  yards  excaivation,  at  .20. .  .$  8,300.00 
146,000     "        "      embankment,  at  .25.    36,600.00 

18,200     "        "      puddle,  at  1.26 22,760.00 

5,700     "        "      gravel,  at  .50 2,850.00 

3,800     "        "      dry  rubble,  at  3.00. . .    11,400.00 
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3,262  cubic  yards  coursed  rubble,  ash- 
lar faced,  12.00 39,144.00 

800  cubic  yards  concrete,  at  6.60 5,200.00 

1,300  linear  feet  stone  coping,  at  .75. . .  976.00 

Flash  boards  and  fixtures 200.00 

Sluice  gates 200.00 

Gate  house,  effluent  chamber  and  outlet 

culvert 5,600.00 

Total $133,019.00 

(4) 

CONDUIT. 

14,240  feet  24-mch  cast  iron  pipe,  at  5.25.$  74,760.00 

Extra  for  crossing  river 7,600.00 

Valves  and  special  castings 2,000.00 

Blow-off  and  air  valves 200.00 

Pump  well 1,200.00 

Screens 300.00 

Total $  85,960.00 

SUMMABT. 

(1)  Land  and  water  damages $  25,000.00 

(2)  Impounding   reservoir,  exclusive   of 

dam 42,900.00 

(3)  Dam  and  waste  weir 133,019.00 

(4)  Conduit 85,960.00 

(5)  Engineering 8,000.00 

(6)  Omissions  and  contingencies,  10  per 

cent 29,487.90 

•      Total $324,366.90 

Annual  interest  at  6  per  cent $  19,462.01 

Cost  of  delivering  2,190,000,000  gallons . .    19,462.01 
"    "         "  1,000,000       "     ..  8.89 
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REPORT  OF  CHEMIST. 


Grand  Kafids,  Michioam,  May  15,  1880. 

A.  C.  Sekell,  City  Surveyor: 

Sir  I' — ^In  submitting  the  results  of  my  work  on  the 
samples  of  water  taken  from  sources  suggested  as 
available  for  an  additional  supply  for  the  city,  I 
must  state  that  my  time  was  too  Kmited  to  make  a 
complete  chemical,  or  even  physical,  examination, 
and  that  I  have,  therefore,  confined  myself  to  the 
observance  of  such  facts  and  the  estimation  of  such 
substances  as  are  considered  by  the  best  authorities 
as  most  essential  to  indicate  the  quahty  of  the  wa- 
ter for  domestic  and  economical  uses. 

Since  the  quaUty  of  a  drinking  water  depends 
upon  the  amount  and  nature  of  the  organic  matter 
it  contains,  it  is  of  primary  importance  to  obtain  as 
much  knowledge  in  regard  to  the  nature  and  amount 
of  this  organic  matter  as  is  possible,  and  we  must 
look  to  chemistry  for  a  great  portion  of  this  knowl- 
edge. 

It  is  a  general  opinion  that  a  chemist  can  pro- 
nounce in  all  cases  with  definiteness  of  statement^ 
from  the  results  of  his  analyses,  whether  a  water  is 
wholesome  or  not.  This  idea  is  correct  only  in 
cases  of  gross  pollution.  In  by  far  tJie  greater  num- 
ber of  cases  he  cannot  definitely  decide,  and  this 
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cannot  be  expected  of  the  chemist  or  any  other 
person.  The  chemist  cannot  definitely  determme 
the  amount  of  organic  matter,  and  whUe  medical 
authorities  differ,  as  they  do,  as  to  the  effects  of  this 
organic  matter,  the  knowledge  of  the  exact  quantity 
in  a  given  water  will,  in  most  cases,  enable  no  per- 
son to  state  absolutely  whether  the  water  is  inju- 
rious or  not.  Yet,  although  the  present  state  of 
chemical  and  sanitary  science  will  not  furnish  us 
with  the  power  to  make  absolute  and  definite 
statements  in  regard  to  this  impurity,  chemistry 
detects  its  presence,  approximates  its  amount,  and 
is,  in  many  instances,  the  best  guide  by  wMoh  to 
judge  of  the  quahty  of  drinking  water. 

The  method  employed  in  estimating  the  organic 
matter  in  the  following  analyses  is  Wanklyn  and 
Chapman's.  It  must  be  stated  that  this  method, 
like  all  others  devised  for  this  purpose,  does  not  give 
us.  as  definite  results  as  are  desirable.  It  gives  little 
indication  as  to  the  nature  of  the  organic  matter, 
whether  it  is  animal  or  vegetable,  yet  it  is  by  far 
superior  to  any  other  method,  except,  perhaps,  that 
of  Frankland  and  Armstrong,  which,  in  the  hands  of 
a  very  skiUful  analyst,  is  said  to  give  equally  satis- 
factory results.  An  analysis  by  this  method  requires 
so  much  time,  such  costly  apparatus  and  so  much 
skiU  in  manipulation  that  the  process  of  Wanklyn 
and  Chapman  is  much  preferred. 

The  economic  question — the  suitabiUty  for  use  in 
steam  boilers,  for  washing,  dyeing,  etc. — is  answered 
definitely  by  the  results  of  chemical  examinations. 

Chlorides  and  sulphates  are  present  in  the  waters 
examined  in  such  small  amounts  as  to  make  their 
estimation  unnecessary  for  this  report. 
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As  the  character  of  any  water  is  influenced  by 
varying  conditions,  and  varies  from  time  to  time,  a 
series  of  examinations  of  each  water  should  be  made 
tmder  different  meteorological  conditions,  to  aid  in 
obtaining  a  satisfactory  idea  of  the  quaUty  of  the 
water. 

For  the  purpose  of  the  comparison  of  different 
waters  which  have  the  same  general  character  and 
are  in  the  same  vicinity,  it  is  best  to  collect  samples 
of  the  different  waters  to  be  compared  on  the  same 
day,  so  that  the  same  conditions,  rams  or  droughts, 
have  exercised  their  influence  on  each  sample  alike. 

During  the  examinations  which  have  been  made, 
these  facts  were  considered  and  a^ted  upon  as  much 
as  possible. 

Thirty-one  samples  of  water  have  been  examined, 
among  which  were  five  samples  of  hydrant  water, 
for  the  purpose  of  comparison. 

There  were  examined  specimens  as  follows : 

From  Grand  Kiver 5 

Indian  Mill  Creek 6 

Coldbrook  Creek 2 

City  Mains 5 

Carrier  Creek 2 

Lamberton  Lake .2 

Lamberton  Creek 2 

Lake  Wabasis 3 

Green  Lake 2 

Reed's  Lake 1 

Rouge  River 1 
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GBAND  BIVEB. 

Sample  No.  1. — Collected  August  25,  1879,  from 
point  in  mid-channel  about  two  miles  above  the  city. 
Odor,  peculiar,  not  very  strong ;  taste,  at  80  degrees 
C.  resembUng  cistern  water  somewhat ;  appearance 
to  eye,  somewhat  permeated  by  flocculent  matter, 
the  coarsest  of  which  subsides  in  a  few  hours,  the 
finer  particles  remaining  in  suspension,  requiring 
about  four  days  to  subside,  leaving  the  water  clear; 
color,  a  ten-inch  column  has  a  yellowish  tinge; 
microscopic  appearance,  the  greater  portion  of  sedi- 
ment is  iron  as  ferric  oxide,  diatoms,  infusoria, 
portions  of  vegetable  matter  and  sand. 

Cliemical  Examination.  —  Ammonia,  free,  .000 
parts  per  milUon ;  ammonia,  albuminoid,  .425  parts 
per  million;  hardness,  Clark's  scale,  13  degrees. 

Remarks. — The  river  men  say  that,  on  account  of 
the  prolonged  hot  and  dry  weather,  the  water  in  the 
river  is  about  four  inches  lower  than  they  have  ever 
seen  it. 

Sample  No.  2. — Collected  above  the  chair  factory 
November  7,  1879.  Odor,  less  marked;  taste,  less 
marked  than  that  of  August  25 ;  color,  a  ten-inch 
column  is  darker  than  a  similar  one  of  distilled  wa- 
ter or  hydrant  water,  but  less  colored  than  sample 
from  Indian  Mill  Creek  of  same  date ;  sediment,  less 
than  in  sample  of  August  25. 

Chemical  Examination.  —  Ammonia,  free,  0.26 
parts  per  million ;  ammonia,  albuminoid,  0.178  parts 
per  milhon. 

Bemarks. — The  volume  of  water  in  river  greater 
than  on  August  25,  from  recent  rains. 
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Sample  No.  3. — Collected  one-fourth  mile  above 
city  limits  November  16,  1879.  Odor,  strong,  re- 
sembling moist  fungi,  stronger  than  that  of  Indian 
Mill  Creek  or  hydrant  water  of  same  date ;  taste, 
not  agreeable,  and  in  accordance  with  odor ;  color, 
less  colored  than  Indian  Mill  Creek  or  hydrant  wa- 
ter of  same  date.  It  is  slightly  hazy — less  so  than 
Indian  Mill  Creek  or  hydrant  water. 

Chemical  Examination.  —  Ammonia,  free,  .015 
parts  per  miUion;  ammonia,  albuminoid,  0.20  parts 
per  miUion. 

BemarJcs. — A  number  of  heavy  rains  had  fallen 
previous  to  collection. 

Sample  No.  4. — Recent  rains  had  caused  consid- 
erable turbidity  in  most  of  the  waters,  so  that  a 
gauge  was  constructed  with  which  this  turbidity 
was  measured.  It  consisted  of  a  cyhndrical  glass 
tube,  graduated  in  inches,  one  inch  in  diameter  and 
fifteen  inches  in  length.  One  extremity  of  the  tube 
was  closed  by  cementing  to  it  a  suitable  piece  of 
French  plate  glass.  This  apparatus  was  placed  upon 
a  newspaper  printed  with  (Brevier)  type,  water  was 
slowly  introduced  into  the  tube  until  the  words 
became  just  indistinguishable  when  looking  down 
through  the  column  of  water.  The  height  of  the 
column  was  then  read  off  and  recorded.  Turbidity, 
type  just  distinguishable  through  a  column  6f  inches 
deep;  sediment,  brownish-gray,  many  large  parti- 
cles subsiding  in  a  short  time,  the  finer  particles 
remaining  in  suspension  for  a  long  time.  These 
particles  are  so  minutely  subdivided  that  filtration 
through  paper  or  sand  will  not  entirely  remove 
them. 

Sample  No.  5. — December  24.    Cold;  no  recent 
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rams.  Color,  yellowish  tint ;  sediment,  considerable, 
composed  mostly  of  silica. 

Gliemical  Examination. — Ammonia,  free,  .02  parts 
per  million;  ammonia,  albuminoid,  .30  parts  per 
million. 


INDIAN  MILL  GREEK. 

Sample  No.  1 — ^August  29,  1879.  The  weather 
previous  to  this  date  had  been  hot  and  dry.  The 
water  was  at  an  exceptionally  low  stage. 

Physical  Examination. — Odor,  odorless;  taste, 
tasteless,  fiat,  not  sparkhng,  as  water  rich  in  car- 
bonic acid;  color,  the  water  is  somewhat  turbid. 
A  fifteen  inch  column  has  a  sUght  yellowish  tint, 
not  so  colored  as  Grand  River  water  of  August  25, 
or  hydrant  water  drawn  from  mains  to-day;  sedi- 
ment, small  amount ;  microscopical  appearance,  the 
sediment  contains  many  diatomacsB,  vegetable  mat- 
ters and  infusoria  (paramecise  and  vorticel  linae), 
and  iron. 

Chemical  Examination. — Ammonia,  free,  .025 
parts  per  miUion ;  ammonia,  albuminoid,  .212  parts 
per  miUion ;  total  hardness,  14.3 ;  permanent  hard- 
ness, 3.66;  temporary  hardness,  10.7. 

Sample  No.  2. — September  5,  1879.  Collected 
thirty  hours  after  first  rain  following  long  period  of 
dry  weather.  On  account  of  this  rain,  the  quantity 
of  water  fiowing  in  the  creek  was  considerably  in- 
creased. Color,  some  deeper  than  Grand  River 
water  before  rain ;  taste,  same  as  before ;  odor,  same 
as  before ;  microscopical  appearance,  same  as  before, 
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the  only  difference  being  in  quiantity  of  sediment, 
which  has  increased  considerably;  the  suspended 
matter  was  separated  by  filtration,  carefully  dried 
at  100  degrees  C.  Its  weight  was  about  two  grains 
per  gallon. 

Chemical  Examination. — Ammonia,  free,  .025 
parts  per  milhon ;  ammonia,  albuminoid,  .276  parts 
per  million ;  hardness,  13.7  degrees. 

Sample  No.  3. — Collected  November  6,  1879. 
Weather  cold ;  no  heavy  rains  immediately  before 
collection. 

Physical  Examination. — Odor,  odorless ;  taste, 
flat;  color,  more  colored  than  Grand  River  or 
hydrant  water  of  same  date. 

Chemical  Examination. — Ammonia,  free,  .012 
parts  per  million ;  ammonia,  albuminoid,  .225  parts 
per  million. 

Sample  No.  4. — Collected  November  16, 1879,  after 
several  heavy  rains. 

Physical  Character. — Color,  quite  an  extent  deeper 
than  Grand  Eiver  or  hydrant  water  of  same  date ; 
transparency,  slightly  hazy,  not  quite  so  much  as 
hydrant  water  and  more  than  Grand  Eiver ;  sedi- 
ment, November  19,  a  sediment  of  coarse  brownish 
particles  has  subsided  (a  larger  amount  than  from 
samples  of  Grand  River  and  hydrant  water  of  same 
date).  The  supernatent  hquid  at  this  date  is  more 
hazy  than  hydrant  water,  and  a  Httle  less  than 
Grand  River  water;  odor  and  taste,  similar  to  hy- 
drant water  of  same  date. 

Chemical  Examination.^  Ammoma,^  free,  .020 
parts  per  million ;  ammonia,  albuminoid,  .325  parts 
per  milhon. 
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Sample  No.  6. — Collected  December  2, 1879,  after 
continued  and  heavy  rains. 

Physical  Examination. — Color,  much  deeper  than 
either  Reed's  Lake  or  Carrier  Creek  waters  of  same 
date ;  transparency,  less  than  Reed's  Lake  or  Car- 
rier Creek;  sediment,  about  same  appearance  and 
quantity  as  in  sample  November  16,  of  same  color 
as  that  of  Reed's  Lake,  and  darker  than  that  of 
Carrier  Creek ;  taste,  less  marked  than  that  of  Reed's 
Lake,  and  more  than  Carrier  Creek. 

Chemical  Examination, — Ammonia,  free,  .050 
parts  per  miUion ;  ammonia,  albuminoid,  .325  parts 
per  milHon. 

Sample  No.  6. — Collected  December  24,  1879. 
Color,  lighter  than  on  December  2. 

Ammonia,  free,  .022  parts  per  million ;  ammonia, 
albuminoid,  .180  parts  per  miUion. 


BECAPITULATION    OF  INDIAN   MILL 

_      GREEK. 

Physical  Characteristics. — Odor,  odorless,  or  nearly 
so ;  color,  very  Uttle  color  in  dry  weather,  consider- 
able color  in  rainy  weather;  sediment,  very  Uttle 
sediment  in  dry  weather,  while  immediately  after 
rain  found  to  contain  two  grains  of  suspended  mat- 
ters per  United  States  gallon ;  microscopic  appear- 
ance, the  sediment  is  composed  of  diatomacesB, 
infusoria  (param  and  vorticel),  vegetable  organic 
matter,  mineral  matter,  including  some  iron. 
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Chemical  ExaminatioTis. — Ammonia,  in  parts  per 
million : 

Date. 

August  29, 

September  6, 
November  6, 

16, 
December  2, 

24, 


(( 


Free. 

Albnminoid. 

.025 

.212 

.025 

.276 

.012 

.225 

.020 

.325 

.050 

.325 

.022 

.180 

Hardness. — August  29,  permanent,  3.65  degrees ; 
temporary,  10.80  degrees ;  total,  14.46  degrees.  Sep- 
tember 6, 13.70  degrees. 

Remarks. — Since  boiling  removes  or  deposits  about 
10  grains  of  mineral  matter,  about  .8  of  the  boiler 
incrustations  would  be  prevented  by  sufficiently 
heating  the  water  before  using  it  in  the  steam 
boiler. 


GOLDBBOOK  GBEEK. 

Sabcplb  No.  1. — Collected  September  6,  twenty- 
four  hours  after  the  first  rain  succeeding  the  summer 
drought. 

Physical  Character. — Transparency,  considerably 
less  turbid  than  the  water  of  Indian  Mill  Creek 
yesterday;  color,  less  colored  than  Indian  Mill 
Creek  of  September  6,  and  more  than  same  on  Aug- 
ust 29 ;  sediment,  of  about  same  appearance  to  eye 
as  that  of  Indian  Mill  Creek  of  yesterday;  sus- 
pended matter,  weighs  two  grains  per  U.  S.  gallon; 
microscopical  examination,  shows  infusoria  and 
diatomacesB  present,  similar  in  structure  to  those  of 
Indian  MiU  Creek  of  yesterday. 
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GJiemical  Examination.  —  Ammonia,  free,  .062 
parts  per  million ;  ammonia,  albuminoid,  .225  parts 
per  million;  hardness,  15  degrees. 

Sample  No.  2. — Collected  December  24.  Weather 
cold,  and  not  much  rain.  Color,  more  colored  than 
sample  No.  1  is  now. 

Ammonia,  free,  .025  parts  per  milUon ;  ammonia, 
albuminoid,  0.220  part^  per  milhon. 


GABRIEB  GREEK. 

Sample  No.l. — Collected  December  2,  after  heavy 
rains.  Color,  as  colorless  as  distilled  water ;  much 
less  colored  than  Eeed's  Lake  or  Indian  Mill  Creek 
of  same  date. 

Ammonia,  free,  .062  parts  per  million ;  ammonia, 
albuminoid,  .115  parts  per  million ;  hardness,  16  de- 
grees. 

Sample  No.  2. — Collected  December  24.  Cold, 
and  not  much  rain. 

Gliemical  Examination. — Ammonia,  free,  trace; 
ammonia,  albuminoid,  .15  parts  per  milhoni 


LAMBERT  ON  LAKE. 

December  11. — Rainy  weather  since  December  2. 
Received  to-day  two  samples  of  water,  one  taken 
from  Lamberton  Lake  and  one  taken  from  Lamber- 
ton  Creek.  In  these  two  samples  there  exists  a 
great  difference  in  regard  to  suspended  matter,  the 
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water  from  the  lake  being  free  from  any  perceptible 
suspended  matter,  and  as  colorless  as  distilled  water ; 
the  water  from  the  creek,  on  the  other  hand,  having 
so  much  matter  in  suspension  that  (Brevier)  type 
cannot  be  read  through  a  column  of  li  inches. 

Sample  No.  1. — December  11, 1879.  Color,  color- 
less ;  suspended  matter,  a  few  thin  flakes  of  a  whitish 
color;  odor,  some  odor,  but  slight;  taste,  a  slight 
taste. 

Chemical  Examination. — Ammonia,  free,  .022 
parts  per  miUion ;  ammonia,  albuminoid,  .287  parts 
per  miUion. 

Sample  No.  2. — December  24, 1879.  Cold,  and  not 
much  rain.  Color,  odor,  suspended  matter  and  taste 
same  as  sample  No.  1. 

CJiemical  Examination. —  Ammonia,  free,  .160 
parts  per  million ;  ammonia,  albuminoid,  .275  parts 
per  miUion. 


LAMBEBTON  GBEEK. 

Sample  No.  1. — December  11.  Rainy  weather 
since  December  2. 

Physical  Characteristics. — Transparency,  (Brevier) 
type  indistinguishable  through  a  column  li  inches 
deep,  and  just  readable  through  a  column  1  inch 
deep ;  sediment,  brownish-gray,  many  large  particles 
subsiding  quickly,  the  finer  particles  remaining  in 
suspension.  Filtration  through  sand  or  paper  re- 
moves but  a  small  portion  of  this  finely  divided 
matter.  When  filtered  through  these  materials, 
(Brevier)  type  bccomes  indistinguishable  through  a 
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columii  which  exceeds  1|  inches ;  color,  after  filter- 
ing through  sand  several  times,  the  water  became 
transparent  enough  to  perceive  that  its  color  was 
about  similar  to  hydrant  water  of  same  date ;  odor 
and  taste,  same  aa  that  of  Lamberton  Lake. 

Chemical  Examination. — Ammonia,  free,  .017 
parts  per  milHon;  ammonia,  albuminoid,  .337  parts 
per  million ;  hardness,  17  degrees. 

Sample  No.  2.— Collected  December  24, 1879. 

Physical  Characteristics. — Color,  colorless  and 
transparent,  similar  to  waters  of  Lamberton  Lake, 
Carrier  Creek  and  hydrant  water  of  same  date. 

Chemical  Examination. — ^^ Ammonia,  free,  .020 
parts  per  million ;  ammonia,  albuminoid,  .187  parts 
per  million. 

Bemarks. — I  cannot  conceive  how  a  sample  of 
water  from  the  creek  can  contain  so  much  smaller 
amount  of  albuminoid  ammonia  than  does  a  sample 
from  the  lake  collected  the  same  day.  In  each  case 
the  determinations  were  made  a  second  time,  with 
results  as  at  first. 


LAKE  WABA8I8. 

Samples  collected  December  31, 1879.  Weather 
cold  since  December  24.  The  lake  had  but  recently 
frozen  over;  ice  was  about  five  inches  thick. 

Sample  No.  1. — ^Was  taken  from  the  inlet  at  the 
southwest  side  of  the  lake. 

Physical  Characteristics. — Color,  the  darkest  sam- 
ple examined ;  sediment,  small  amount ;  microsoopic 
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examination,  developed  thousands  of  infusoria, 
diatomacesB,  and  also  dead  organic  matter.  Among 
the  infusoria  are  arctinophyrs  chsBtpphyla  armata, 
cymbella  ehrenbergii,  euchelys  nodulosa.  Among 
the  vegetable  products  were  cotton  fibers  and  de- 
composing woody  fiber. 

Chemical  Examination. — Ammonia,  free,  .060 
parts  per  million ;  ammonia,  albuminoid,  .440  parts 
per  million. 

Sample  No.  2. — Was  taken  from  the  main  body  of 
the  lake. 

Physical  Characteristics. — Color,  less  than  that  of 
inlet;  sediment,  small  amount;  microscopical  ap- 
pearance, similar  to  that  of  inlet.  Many  daphnisB 
are  swimming  about. 

Chemical  Examination. —  Ammonia,  free,  .060 
parts  per  million ;  ammonia,  albuminoid,  .330  parts 
per  milUon. 

Sample  No.  3. — ^From  the  outlet  water  of  the  lake. 

Physical  Characteristics. — Color,  lighter  than  sam- 
ple No.  2,  from  middle  of  lake ;  sediment,  same  as 
that  of  lake ;  appearance  same  as  that  of  lake  with 
more  daphnise. 

Chemical  Examination. —  Ammonia,  free,  .060 
parts  per  million ;  ammonia,  albuminoid,  .255  parts 
per  miUion. 

Remarks. — It  will  be  seen,  on  comparing  the  quan- 
tities of  albuminoid  ammonia  in  these  three  sam- 
ples, that  the  water  which  enters  the  lake  contains 
more  organic  matter  than  that  found  in  the  middle 
of  the  lake,  and  considerable  more  than  that  found 
in  the  outlet  water.    Some  authorities  state  that  a 
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portion  of  the  organic  matter  in  water  is  decom- 
posed and  destroyed  by  oxidation  when  the  water  is 
stored  in  deep  reservoirs  for  a  length  of  time.  In 
this  case,  the  lake  may  act  as  a  storage  reservoir, 
and  produce  this  decrease  of  organic  matter. 


BOUGE  BIVEB. 

Sample  collected  December  24, 1879.  Weather 
cold. 

Physical  Characteristics. — Color,  quite  deep ;  odor, 
slight;  taste,  not  refreshing;  microscopical  exami- 
nation, develops  infusoria,  vegetable  fiber  and  algae. 

Chemical  Examination. — Ammonia,  free,  .037 
parts  per  million ;  ammonia,  albuminoid,  .300  parts 
per  million. 


BEED'8  LAKE. 

Sample  collected  December  2, 1879,  after  heavy 
rains. 

Physical  Characteristics. — Color,  deeper  than  Car- 
rier Creek  and  lighter  than  Indian  Mill  Creek  of 
same  date ;  taste,  pond-like,  and  more  marked  than 
any  sample  yet  examined ;  microscopical  examina- 
tion, develops  considerable  animal  and  vegetable 
hfe. 

Chemical  Examination. —  Ammonia,  free,  .087 
parts  per  milUon ;  ammonia,  albuminoid,  .375  parts 
per  million;  hardness,  9  degrees,  Clark's  scale. 
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HYDBANT  WATEB. 

Sample  No.  1.— November  7, 1879. 

Physical  Characteristics. — Color,  slightly  colored, 
less  than  Grand  Kiver  or  Indian  Mill  Creek  of  same 
date ;  sediment,  no  individual  particles  large  enough 
to  be  distinguished.  When  viewed  through  par- 
tially obstructed  light  it  has  a  shght  milkiness. 

Chemical  Exainination. — Ammonia,  free,  trace; 
ammonia,  albuminoid,  .112  parts  per  million. 

Sample  No.  2. — Novemberl3, 1879.  This  exami- 
nation was  made  to  ascertain  whether  the  heavy 
rains  of  November  11  and  12,  which  had  rendered 
the  hydrant  water  quite  turbid  with  finely  divided 
matter  of  a  grayish  color,  had  increased  the  amount 
of  organic  matter. 

Physical  Characteristics. — Before  filtration  (Brevier) 
type  could  not  be  read  through  a  column  of  more 
than  2i  inches  in  depth.  Filtration  through  paper 
removes  but  a  small  portion  of  this  sediment  when 
the  type  can  be  read  through  a  column  of  6  inches. 
Slow  filtration  through  sand  clarifies  it  so  that  the 
column  reaches  9  inches  before  the  type  becomes 
indistinguishable. 

Chemical  Examination. —  Ammonia,  free,  .020 
parts  per  miUion ;  ammonia,  albuminoid,  .225  parts 
per  million. 

Bemarks. — The  effect  of  the  storm  has  been  to 
double  the  amount  of  organic  matter. 

Sample  No.  3.— November  16, 1879. 

Physical  CharacterisUcs. — Appearance,  slightly 
hazy;   color ,. Ughter  than  Grand  River  or  Indian 


n 


120  APPENDIX. 

Mill  Creek  of  same  date.  To  ascertain  the  time  re- 
quired for  the  suspended  matters  to  settle,  a  quan- 
tity of  the  water  was  placed  in  a  glass  cylinder. 
A  14-inch  column  required  ten  days  in  which  to  be- 
come clear. 

Ghewical  Examination. —  Ammonia,  free,  .025 
parts  per  million ;  ammonia,  albuminoid,  .202  parts 
per  million. 

Sample  No.  4. — December  24. 

Appearance. — Clear  and  nearly  colorless. 

Cliemical  Examination. — Ammonia,  free,  trace; 
ammonia,  albuminoid,  .15  parts  per  miUion. 


GBEEN  LAKE. 

Sample  No.  1. — Collected  January  21, 1880. 

Physical  Characteristics. —  Taste,  some ;  odor, 
slight ;  appearance,  nearly  colorless,  with  numerous 
white  flakes  floating  about  which  slowly  settle. 
The  white  flakes  are  composed  of  algse,  to  which 
some  mineral  matter,  organic  matter  and  diatoms 
adhere.  One  flake  was  composed  entirely  of  wheat 
starch. 

Chemical  Examination.  —  Ammonia,  free,  .025 
parts  per  million ;  ammonia,  albuminoid,  .344  parts 
per  miUion. 

Sample  No.  2.— Collected  February  3, 1880,  at  the 
outlet. 

Physical  Characteristics. — The  appearance  of  the 
water  was  the  same  as  that  of  January  21. 
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Chemical  Exammation.  —  Ammonia,  free,  .025 
parts  per  miUion ;  ammonia,  albuminoid,  .345  parts 
I>er  million. 

Remarks. — After  the  specimens  from  Green  Lake 
were  examined,  the  jars  containing  them  were  kept 
closed  until  February  7,  on  which  date  a  very  disa- 
greeable odor  was  perceptible,  stronger  than  that 
from  a  sample  of  Grand  Eiver  water  kept  at  about 
70  degrees  F.  since  September  4, 1879,  or  that  from 
a  sample  of  Bouge  Biver  kept  since  December  24, 
1879. 


C0MPABI80N  OF  PHYSICAL   CHABAC- 

TEBI8TICS. 

COLOB. 

Grand  Biveb. — Light  yeUow,  slightly  deepened  as 
rains  become  more  numerous  and  heavy. 

Indian  Mill  Cbeek. — During  the  dry  weather  pre- 
ceding September  5  there  was  very  httle  color,  the 
heavy  rains  following  deepening  its  color  to  a  con- 
siderable extent  more  than  they  did  that  of  hydrant 
water  or  the  water  of  Grand  Biver. 

ff 

Htdbant,  Ooldbbook  Cbeek.  —  SUghtly  colored, 
changing  but  little  during  the  season. 

• 

Lambebton  Lake  and  Cabbieb  Cbeek. — Colorless, 
or  nearly  so,  and  not  aflfected  appreciably  by  rain 
storms. 

Gbeen  Lake. — Colorless,  or  nearly  so. 
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Lake  Wabasis  and  Bouge  Eiveb. — One  sample  only 
,of  each  was  examined,  and  found  to  be  highly  col- 
ored, and  at  a  time  when  the  W9>ters  of  Lamberton 
Lake,  Lamberton  Creek,  Carrier  Creek,  hydrant 
water  and  Green  Lake  were  colorless. 


ODOB  AND  TASTE. 

Cabrieb  Cbeek. — Odorless  and  tasteless. 

Indian  Mill  Cbeek,  Hydbant  Water  axd  Cold- 
BBOOK  Cbeek. — Nearly  odorless  and  tasteless. 

Lambebton  Lake,  Lahbebton  Creek,  Gbakd  Bpteb 
AND  Gbeen  Lake. — Some  taste  and  odor-^not  pleas- 
ant. 

Keed's  Lake. — Pond-like,  and  very  marked. 


NATUBE   OF   SEDIMENT. 

Gband  Riveb. — Composed  in  each  sample  of  coarse 
brown  flakes,  with  more  or  less  of  finely  divided 
matter,  the  latter  only  partially  separable  by  filtra- 
tion through  paper  or  sand,  requiring  from  four  to 
twelve  days  for  complete  subsidence.  The  greater 
portion  of  the  sediment  is  iron,  in  the  shape  of  ferric 
ozide.  It  also  contains  diatoms,  numerous  infu- 
soria, and  particles  of  vegetable  matter  and  sand. 

» 

Indian  Mill  Cbeek  and  Lamberton  Cbeek,  in 
Stobmy  We atheb.— Similar  to  that  of  Grand  Kiver, 
but  containing  less  iron. 

Coldbbook  Cbeek  and  Hydbant  Wateb. — Similar 
to  Indian  Mill  Creek,  with  the  exception  of  the 
brownish  flakes  and  the  amount  of  iron,  which  is  but 
a  trace. 
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Cabbieb  Cbeee,  Lambebton  liAKK  AND  Gbeen  Lakb. 
No  appreciable  sediment. 

Lake  Wabasis  and  Eeed's  Lake. — Small  quantity, 
with  many  animalculae  and  considerable  decompos- 
ing vegetable  matter. 

• 

Rouge  Rivbb. — Flocculent  and  of  brownish  color, 
containing  infusoria,  vegetable  fiber  and  algaB. 
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REPORT  OF  CHEMICAL  EXAMINATION 

OF  INDIAN  MILL    CREEK    WATER   RELATIVE    TO   CON- 
'      TAINED  SULPHA  TE  OF  LIME,  AND  CLARICS. 
I  SOFTENING  PROCESS. 


\  '  Grand  Rafidb,  Michigan,  Jane  12,  1880. 

I  • 

A.  C.  Sbkbll,  City  Surveyor: 

j 
SjiR : — The  sample  of  water  from  Indian  Mill  Creek 

sent  me  in  June  *  contains  .987  grains  of  sulphuric 

acid,  expressed  as  B.O.^  per  United  States  gallon. 

ijhe  sulphuric  acid  is  united  to  the  calcium  and 
maj^esium  contained  in  the  water,  forming  sul- 
phate of  calcium  (sulphate  of  Ume)  and  sulphate  of 
ma^esiuip. 

To  ascertam  the  amount  of  each  of  these  salts 
requires  considerable  time,  and  is  unnecessary  for 
the  object  of  this  report,  sinccy  if  all  the  sulphuric 
acid  were  calculated  to  sulphate  of  Jiipe,  we;  woqld 
obtain  as  a  result  but  1.4  grains  bf'  sulphate  of  lime 
per;gallonj  an  amount  not  oonsidered  objectionable. 

I  have  a|lso  made  some  appUcatibns  of  Dr.  Clark's 
softening  [process  to  the  water  from  Indian  Mill 
Crqek.    Iili  the,  few  experjjments  made,  the  organic 

*  At  this  time  the  flow  of  the  oreek  was  eBtimated  to  he  about  11 ,000,000  galloni 
per  day. 
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matter  contained  in  the  water  was  decreased  one- 
half,  the  color  was  ahnost  entirely  destroyed,  and 
its  hardness  reduced  from  14.4  degrees  to  4.4  de- 
grees, Clark's  scale. 

It  is  evident,  therefore,  that,  hy  the  application  of 
Clark's  process  to  Indian  Mill  Creek,  the  city  will 
obtain  a  pure  and  soft  water. 

Yours  Truly, 

HUGO  THUM,  Ph.  C. 
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ANALYSIS  OF  GRAND  RIVER  WATER 

June,  1879. 


BY  FERDINAND  THUM,   ANN  ABBOB  UNIVEB8ITY. 


Ondns  in  U.  S.  gftUon, 
281  onUo  inches. 

SUica 349,908 

Sulphate  of  potassium 353,698 

"  sodium 396,779 

"  calcium 401,677 

Carbonate         "       7.247,177 

"  magnesium 4.482,321 

Ferric  carbonate 1.490,024 

Total 14.721,484 
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Table  Showing  Ebsults  of  Analysis  of  Various  Waters 

BY  Wanklyn  &  Chapman's  Process. 

RESULTS  EXPRESSED   IN   MILLIGRAMMES   PER   LITRE  (PARTS   PER  MILLION). 


DATE. 


LOCALITY. 


AMMONIA. 


Free. 


1871. 
1871. 

1873- 

1873. 

1873. 
1872. 

1867. 


Dec.  1872--.  I 
1867 

July.  1867. .'_ 
Feb.  1872... 
July.  1867... 
July,  i868_. 
June,  1874  .- 
July, 1874... 
Oct,  1876  ... 

May,  1876  -. 

May,  1875  _. 
Feb.  1875- _- 
March,  1876. 

Jan.  1876  ... 
June,  1876  -_ 


Glasgow,  Loch  Katrine 

Chester  (Dee) 

Scarborough  town  water. 

Oxton  town  water 

Chelmsford  town  water 

Leek  town  water 

Guilford,  Surrey  (new  supply) 

Caterham 

Frome.  Somersetshire 

Henley  on  Thames _ 

W.  Middlesex  Water  Co 

Grand  Junction  Co 

Chelsea  Co. 

Southwark  and  Vauxhall 

Southwark  and  Vauxhall 

Lambeth  Water  Co 

West  Middlesex  Water  Co 

River  Nile _.... 

River  Nile 

Rhine  at  Berne 

Sunderland  in  Durham 

Manchester ._ 

Near  Yorkshire 

London,  Aldgate  pump 

Bartholomew  Lane 

Queen  Victoria  St 

Fell  Street- 

Well  at  Christ's  Hospital. 

Well  at  Blackfriars 

London  Water  i  NerRi;;;:::::." 

Supply  Co.       I  Spring,  Kent  Co.. 

Thames  at  London  Bridge 

E.  London  Water  Co.  River  Lea 


«( 


It 


It 


II 


II 


ti 


.00 
.00 
.01 
.00 
.08 
.00 
.00 
.04 
.00 

.02 ! 
.00 1 
.01 
.01 

.03 

.OI 

.02 
.01 
.01 
.04 
.10 

.03 
.03 
.19 

.50 

1.40 

2.90 

52.82 

.lo 

.82 

•  OI 

.00 

.01 

1.02 

.03 


Alb. 


.08 
.07 
.06 
.02 
.02 
.02 
.01 
.00 
.02 
.02 
.01 

.07 
.10 
.16 
.12 

.14 
.09 
.10 

•25 
.06 

.02 
.08 
.11 
.26 

0.08 
0.44 
0.52 
.06 
.04 
.06 
.06 
•02 

0.59 
.09 


Oct.  1867 Manchester  town  water 

i  Edinburg 

i  River  Platte  above  Buenos  Ayres . 

j      •*     Parana 

I      **     Uruguay 

1878 I  Niagara  River 

1875 I  Ice,  Rye  Beach  Hotel  f 


Deep  Spring 
Water. 


London 

Wells.* 


.01 

.18 

.01 

.06 

.00 

.07 

.07 

.241] 

.16 

.24    y 

.07 

.10  J 

.14 

.11 

.205 

.697  , 

J.  T.  T.  Kyle 


*  These  wells  have  been  closed  by  medical  officer, 
f  This  ice  caused  sickness  among  guests. 
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DATE. 


Feb.  1880.-. 
Feb.  t88o-.. 
March,  1880. 

1873 


June,  1873  . 
June,  1873  . 
Sept.  1873.  _ 
Sept.  1872  __ 
Nov.  1872.- 
Jan.  1873  .. 
Oct.  1873  .- 
Sept.  1873  . 
Oct.  1873  _. 
Sept.  1873.. 
Sept.  1873- . 

1873 


July,  1873... 
June,  1873  .. 
July.  1873... 
Dec.  1873... 
Sept.  1874-- 
Sept.  1874. . 
Sept.  1874.- 
Sept.  1874.- 
Aujr.  1879- . 
Sept.  1879... 
Sept.  1879... 
Sept.  1879... 

Jan. 1877 

March,  1877. 
May,  1877.. 
June,  1877  - 
Aug.  1877... 
Sept.  1877... 

1877  


Dec.  1876. 
Dec.  1876. 

juiy.  1877. 
Sept.  1877. 
Oct.  1877  . 


LOCALITY. 


Mystic  water* 

Boston  water 

Winchester  water 

Merrimac  River  above  Lawrence 

**     below         "         

Charles  River,  at  S.  Natick 

•'      at  Dedham 

*  *  *  *      Newton  Upper  Fal Is  _  . 

Blackstone  River,  Uxbridge 

* '  '  *     below  Blackstone . . 

•'     below  Millbury 

Sudbury  River  above  Ashland 

*•      below  Ashland 

'*  **      at  Framingham 

••  **      at  Concord 

Concord  River  at  **      

Neponset  River  at  Readville 

*•      at  Hyde  Park 

Cochituale  Water,  Boston 

Abajonna  River  f 

I^owell  water,  delivered  _. 

Waltham  Water,  from  house 

Shawshine  River _ 

Sudbury  river,  below  Ashland 

Mystic  River,  at  lake 

Charles  River 

Detroit  River,  at  water  works 

•*       at  Belle  Isle 

**         *'       at  water  works 

below  Detroit 

Ludlow  Reservoir,  Springfield,  Mass. 


AMMOXIA. 

FVee.      Alb 


1 1 

14 


it 

t( 
»i 
<  C 
il 


Average  of  6  unfiltered  samples 

**        *'  same  filtered 

Rochester,  N.  Y.,  Hemlock  Lake 

'•   •         West  Rush  Reservoir . 

'*  City  Mains _ 

Boston,  Hydrant  Institute  Technology 


t( 


« t 


<  t 


tt 


it 


.34 
.04 

.17 

.044 
.031 

.043 
.100 

.057 
.03 
.65 
.19 

.051 

.06 

.064 

.067 

.08 

.047 
.110 

.033 

.273 
.02 

.02 

.02 

.034 
.084 

.026 

.053 
.226 

.065 

.075 
.168 

.024 

.149 
.075 
.208 

.058 
.094 
.072 
.000 
.000 
,000 
.048 

.045 
.048 


♦  Supplied  to  City  of  Boston. 

f  Main  source,  Mystic  Lake,  Charleston,  water  supply. 

X  Detroit  Water  Works  Report,  1880. 


.20 

.15 
.09 

.110 

.127 

.120 

.189 

.368 

.109 

.350 

.08 

.184 

.30 
.247 

.247 
.271 

.270 

.300 

.120 

.241 

.067 

.013 

.12 

.36 

•23 

.27 

.129 

.121 

.142 

.'75 
.368 

.309 
.189 

.899 

.33" 

.397 

.354 
.294 

.010 

.012 

.012 

.'55 

.'55 

.'95 


W.R.  Nichols 


W.  R.  NichoU 


W.R.Nichols 


I 


A.  B.  Lynn.J 


W.R.Nichols 


I 
J 


S.A.I^timore 
W.R.Nichols 


. ^'- 


.& 


REPORT 


OF  THE 


BOARD  OF  PUBLIC  WORKS 


TO  THE 


COMMON  COUNCIL  OF  THE  CITY  OF  GRAND  RAPIDS 


TRANSMITTING  THE  REPORTS  OF  THE 


SUPERIHTEKDEHT,COLLECTORIEKGINEER 


FortTtc  ^eav  ludinfl  J^prtX  30tto,  1880. 


ALSO  THE 


APUAL  RBPORT  OF  THE  OITT  8URVBT0R. 


QRAND   RAPiDS.  MICH. 
Strvrns  &  Mkbhmore,  Pbintrrs,  Court  Block. 

1880. 


^J 


REPORT 


.  OF  THE 


BOARD  OF  PUBLIC  WORKS 


TO  THE 


COMMON  COUNCIL  OF  THE  CITY  OF  GRAND  RAPIDS, 


TRANSMITTING  THE  REPORTS  OF  THE 


SUPERINTENDENT,C0LLECT0R8ENGINEER 


Fovthe  ^tmv  landing  ^pvil  30th,  1880. 


ALSO  THE 


ANNUAL  REPORT  OF  THE  CITY  SURVBTOR. 


GRAND   RAPIDS.  MICH. 
Stevrnr  &.  Mksshorr,  Pbiktirs,  Court  Block. 

1880.. 


BOARD  OF  PUBLIC  WORKS 


GEORGE  W.  THAYER,  President. 

(term  rxpirbs  may,  1S82.) 

LEWIS  H.  WITHEY. 

(term  expires  may,  1880.) 

THOMAS  FARMER. 

(TERM  RXPIBRS  HAY,  1881.) 

WM.  P.  INNES. 

(TERM  EXPIRES  MAY,  18S1) 

WM.  HOVEY. 

(TERM  EXPIRES  MAY,  1882.) 


-^^^*- 


@FFi€Ef(S. 

A.  C.  SEKELL,  City  Surveyor. 

THOMAS  FARMER,  Jr.,  Superintendent  Water  Works. 
FRED.  A.  TWAMLEY*.  Clerk  and  Collector. 
DEMETRIUS  TURNER,  ist  Engineer  at  Pumping  Works. 
GEORGE  E.  KIRK,  2d  Engineer  at  Pumping  Works. 
S.  M.  BARROWS,  TIMOTHY  ROSE,  FiFemen 
MICHAEL  SCHMIDT,  Watchman 


IIHPORT  OF  THE  BOARD. 


Board  of  Public  Works,       \ 
Grand  Rapids,  Mich  ,  May  3,  1880.  J 

To  the  Honorable  the  Mayor  and  CommonCouncil  of  the  City 

of  Grand  Rapids : 

• 
GENTLEMEN i—ln  accordance  with  established  usage, 

the  Board  of  Public  Works  respectfully  makes  to  your  hon- 
orable body  its  report  for  the  year  ending  April  30th,  1880. 

The  report  of  Thomas  Farmer,  Jr.,  Superintendent  of 
the  Water  Works,  of  Fred.  A.  Twamley,  Collector  of  Wa- 
ter Rates,  of  Demetrius  Turner,  Engineer  in  charge  of 
Pumping  Works,  and  that  of  A.  C.  Sekell,  City  Surveyor, 
submitted  herewith,  furnish  full  information  concerning  all 
matters  relating  to  that  branch  of  the  public  service,  by  law 
committed  to  the  supervision  of  the  Board  of  Public 
Works.  The  gentlemen  in  charge  of  these  departments 
have  discharged  the  duties  of  their  several  positions  in  a 
manner  most  creditable  to  themselves  and  satisfactory  to  the 
Board. 

On  the  26th  of  May  last  the  Board  asked  of  your  hon- 
orable body  that  they  be  authorized  to  make  such  surveys, 
examinations  and  investigations  as  would  enable  them  to 
submit  for  your  consideration,  and  that  of  the  public,  such 
recommendations  looking  to  a  more  abundant  and  better 
source  of  water  supply,  as  the  facts  developed  by  such  sur- 
veys and  examinations  would  warrant.  Your  prompt  ac- 
tion in  providing  the  necessary  means,  enabled  the  Board  to 
issue  to  the  City  Surveyor  the  instructions  required  for  his 
guidance  in  the  work  on  the  7th  of  June,  from  which  date. 


to  the  present,  he  tias  given  as  much  of  his  lime  to  making 
the  requisite  surveys  and  investigations  as  his  other  more 
Immediate  pressing  public  duties  have  permitted.  At  this 
time,  the  field  work  is  substantially  completed,  and  it  is  ex- 
pected that  the  Surveyor  will  soon  be  able  to  lay  before  the 
Board  the  result  of  his  labors. 

The  compensation  of  the  five  members  of  the  Board  for 
the  year  ending  Mny  1,  1880,  aggregates  $567.00,  being 
somewhat  in  excess  of  the  two  previous  years,  in  conse- 
quence of  a  large  increase  in  the  public  improvements  or- 
dered by  the  Council  to  be  carried  on  under  the  supervision 
of  the  Board,  making  more  frequent  meetings  necessary. 

fiespectfully  submitted, 

GEO.  W.  THAYER. 

THOMAS  FARMER. 

WILLIAM  P.  INNES. 

WILLIAM  HOVEY. 

LEWIS  H.  WITHE Y. 


SUPERINTEHDEHT'S  REPORT. 


*  ^  •  ^ 


Office  of  the  Board  of  Public  Works,  ) 

May  1,1880.        / 

To  the  Honoi-alle  the  Board  of  Puhlic   Works— GENTLE- 
MEN: 

I  have  the  honor  to  submit  the  follotving  report  of  the 
Grand  Eapids  Water  Works  for  the  year  ending  May  1, 
1880,  showing  the  general  eonditi/>n  of  the  works,  and  par- 
ticularly what  has  been  done  during  the  past  year. 

The  works  were  commenced  in  October,  1873,  at  the 
close  of  which  year  about  two  miles  of  pipe  had  been  laid 
In  1874  about  ten  and  one-half  miles  of  pipe  were  laid, 
the  reservoir,  pump  house,  pumping  machinery  and  boiler 
were  constructed.  In  1875  six  and  one-half  miles  of  pipe 
were  laid  and  the  settling  basin  built.  In  1876  three  and 
one-half  miles  of  pipe  were  added,  since  which  time  no  ad- 
ditions have  been  made  to  the  main  pipe  system.  In  1878 
a  duplicate  pumping  engine  and  boiler  were  set  up  at  the 
pumping  house. 

Reservoir. 

The  pointing  in  the  slope  wall  near  the  water  line  is 
partially  washed  out,  and  during  the  coming  year  it  would 
be  advisable  to  have  such  portions  repointed.  Aside  from 
this  there  are  no  repairs  necessary,  which  speaks  well  for  the 
thoroughness  of  the  original  work,  as  this  will  be  the  only 
expense  incurred  by  repairs  since  its  completion,  in  1874. 
The  average  depth  of  water  maintained  has  been  nineteen 
feet  ten  and  one-half  inches,  and  the  least  depth  sixteen 
ieet  two  inches,  June  5th,  owing  to  the  fact  of  the  shutting 
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down  of  the  pumping  engine  for  sixty  hours  while  cleaning 
the^settling  basin. 

Settling  Basin  and  Supply  Creeks. 

Daring  the  summer  of  1878  numerous  complaints  were 
made  at  the  Water  Works  office  regarding  the  quality  of 
the  water  furnished,  more  especially  during  the  months  of 
July  and  August.  During  these  months  the  water  had  a 
very  perceptible  fishy  odor  and  taste,  the  cause  of  which 
was  attributed  by  the  greater  majority  of  complainants,  to 
the  presence  of  dead  and  decaying  fish  in  the  reservoir  and 
main  pipes.  The  reservoir  was  carefully  examined  and  the 
mains  thoroughly  blown  off,  neither  of  which  operations  de- 
veloped any  signs  of  fish.  The  smell  and  taste  continued 
at  infervals  for  about  two  months.  It  was  thought  thai 
by  cleaning  out  the  settling  basin  the  difficulty  might  be 
overcome;  accordingly,  the  water  »v*as drawn  off  during  the 
night  of  the  3d  of  June,  and  work  commenced  the  follow- 
ing morning.  A  large  amount  of  vegetable  growth  was  re- 
moved, aside  from  which  nothing  objectionable  was  found, 
and  the  trouble  has  never  reappeared  since  that  time;  but 
judging  from  the  experience  of  other  cities  whose  water  sup- 
ply has  been  similarly  affected,  the  remedy  cannot,  with 
certainty,  be  attributed  to  the  removal  of  those  >veeds.  The 
inside  slopes  of  the  basin  were  also  cleaned,  and  all  weeds, 
etc.,  removed  from  the  banks.  In  January,  owing  to  a 
sudden  thaw  and  violent  rains,  Coldbrook  Creek  overflowed 
its  banks  and  washed  out  the  dam  built  to  divert  the  creek 
into  the  settling  basin,  also  the  dam  near  the  gate  house  built 
to  protect  the  supply  pipe  where  it  goes  under  the  creek.  The 
latter  dam  was  repaired  first,  as  the  supply  pipe  was  in  im- 
minent danger  of  being  washed  out,  and  had  this  occurred,  it 
would  have  entailed  a  large  exi>ense  for  repairs,  beside  shut- 
ting off  the  supply  of  water  for  the  city. 

The  past  two  years  the  Board  have  employed  a   watch- 


man  on  Coldbrook  and  Carrier  Creeks  to  devote  his  whole 
time  during  the  summer,  and  one  or  two  days  in  the  winter 
months.  He  has  been  the  means  of  keeping  the  creeks,  in 
a  great  measure,  free  from  pollution,  but  few  offenses  having 
been  committed,  and  all  such  have  been  promptly  reported 
to  the  proper  authorities. 

Mains. 

The  six  inch  iron  pipe  in  Lyon  Street,  at  Nelson  &  Mat- 
ter's shop,  broke  off  about  half  past  seven  o'clock  A.  M.,  Oc- 
tober 14th,  owing  to  the  caving  in  of  the  tail  race.  The  pipe 
was  plugged,  and  ou  the  completion  of  the  new  tail  race  in 
December  the  plug  was  removed  and  the  connection  again 
made  with  the  safety  valve  at  the  river.  One  joint  in  the 
wrought  iron  pipe  under  the  river  was  found  leaking  and  re- 
paired, and  with  these  two  exceptions,  the  iron  pipes  called  lor 
no  repairs.  "  The  Wyckoff  Patent  Wood  Pipe  "  is  in  good 
condition.  As  in  former  years,  the  trouble  has  been  with  the 
joints,  they  seemingly  being  the  only  weak  point  in  the 
pipe ;  the  tar  coating  still  remains  firm,  and  the  iron,  with 
which  they  arc  banded,  bright.  The  expense  for  maintain- 
ing this  pipe  has  heretofore  been  borne  by  the  contractors, 
Messrs.  Farrington  &  Branch,  but  their  five  year  guarantee 
having  expired  December  1,  1879,  the  expense  is  now  borne 
by  the  city.  A  section  of  pipe  which  wj\s  laid  in  1874,  was 
taken  up  the  past  year,  and  was  apparently  as  sound  as  when 
laid.  The  pump  logs  on  the  hill  are  doing  good  service. 
Three  have  burst  during  the  year,  owing,  in  each  instance, 
to  the  too  sudden  closing  of  hydrants.  There  have  been 
four  other  leaks  in  the  logs,  three  caused  by  the  blowing 
out  of  loose  knots,  and  one  at  a  joint.  Of  the  supply  |)ipe, 
nothing  need  be  said,  as  you  are  well  acquainted  with  its 
condition,  a  report  within  a  year  having  covered  all  that 
now  might  be  said.  The  annexed  table  shows  the  total 
number  of  leaks  in  the  different  kinds  of  pipe  : 


Kind. 

Joints. 

Knots. 

Checked. 

Bands 
burst. 

Total. 

Wyckoff-. 
Pump  logs. 
Oast  iron. 
Wrou'tir'n 
SUve 

28 

1 

One  Pipe 

2 
3 
broken  off 

1 
8 

7 

17 

31 

7 

1 

1 

24 

Total 

do 

/> 

11 

17 

64 

Hydrants. 

All  the  hydrants  have  been  examined  and  have  all  been 
o))ened  once,  and  the  greater  majority  twice  during  the  year, 
by  the  water  department,  and  have  been  used  by  the  Fire 
Department  74  times;  the  greatest  number  of  streams  at 
any  fire,  9.  They  have  all  been  painted,  and  the  boxes  en- 
closing them  cleaned  out.  Three  have  been  raised  to  con- 
form to  street  grades,  and  one  new  one  set  at  the  Chair  Fac- 
tory on  Canal  Street.  A  number  of  new  valves  have  been 
put  in  to  replace  those  injured  by  stones.  They  have  not, 
in  any  instance,  failed  to  answer  all  demands  of  the  Fire 

Department. 

Valves. 

The  valves  have  given  but  little  trouble.     A  number  of 

stuffing  boxes  were  repacked,  and  the  glands  set  up  on  some 

others  which  were  leaking.     They  have  been  painted  with 

asphaltum  and  coal  tar  and  are  in  good  order.     The  boxes 

enclosing  the  hydrants  and  valves  are  made  of  two  inch  pine 

plank,  and  have,  in  a  number  of  instances,  rotted  nearly  out, 

making  them  a  source  of  danger  to  passing  teams.     I  would 

recommend  that  they  be  replaced,  where  necessary,  with  iron 

boxes,  or  bricked  up  and  cemented  on  the  inside.     Either 

of  these  plans  would  be  more  expensive  than  the  wooden 

box  system,  but  their  greater  security  to  public  travel,  aside 
from  the  fact  that  the  cost  of  maintenance  would  be  slight 
in  future  years,  would  amply  repay  their  increased  cost. 

Service  Connections. 

Eighty-nine  services  were  laid  the  past  year,  including 


Obe  two  and  one-half  inch  for  a  water  elevator,  making  th0 
total  number  now  laid  to  May  1,  898.  The  wisdom  of  lay- 
ing lead  pipe  for  services  is  now  made  apparent  from  the 
fact  that  a  number  of  the  wrought  iron  pipes  which  were 
used  at  the  commencement  of  the  works  for  service  pipe 
have  given  out,  and  have  been  replaced  with  lead  pipes. 
Considerable  trouble  and  inconvenience  has  been  caused  in 
the  past  by  the  removal  of  the  service  box  covers  and  the 
filling  of  the  boxes  with  sand  or  stones.  The  action  of  the 
Board  in  adopting  the  Bingham  &  Morgan  shut-oflf  boxes 
has  entirely  obviated  this  difficulty. 

Meters. 

The  number  of  meters  now  in  operation  is  90,  of  the  fol- 
lowing kinds: 

Ball  &  Fitt's  Rotary,  7. 

"         "       Piston,  76. 

Worthington,  7. 

There  are  also  eight  meters  in  the  shop,  four  of  which  are 
worn  out  and  unfit  for  use.  The  rotaries  have  been  in  use  for 
two  and  one-half  years,  and  have  given  entire  satisfaction, 
and  in  consideration  of  the  fact  that  the  water  contains  an 
amount  of  sediment  which  is  very  destructive  to  the  piston 
meters,  I  would  recommend  the  adoption  of  the  rotary 
meter. 

The  past  year  the  receipts  from  metered  water  were  one- 
third  of  the  total  revenue,  while  the  number  of  consumers 
taking  water  through  the  meters  was  but  one-tenth  of  the 
total  number  assessed.  This,  added  to  the  fact  of  their  be- 
ing the  means,  in  a  number  of  instances,  of  detecting  leaks 
which  would  otherwise  have  not  been  suspected,  makes 
them  doubly  valuable  to  the  works.  Little,  if  any,  of  the 
water  passed  through  meters  is  willfully  wasted,  and  the  in- 
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fact  that  when  there  were  biit  500  services  wo  had  the  sarae 
niimber  of  meters  as  at  prest?nt.  Now  we  have  over  800 
services  open,  and  to  meter  the  same  proportion  of  services 
us  we  then  did,  wouhl  require  the  use  of  160  metere,  or  the 
purchase  of  G.i  additional  ones.  Last  summer  the  water 
supply  for  a  period  of  ten  days,  was  insufficient  to  meet  the 
demand,  and  but  for  the  intervention  of  Providence,  in  the 
shape  of  a  two  days  rain,  a  water  famine  would  have  been 
imminent.  The  purchase  of  a  number  of  meters  would,  for 
the  above  reasons,  materially  assist  in  bridging  over  the  an- 
ticipated short  supply  the  coming  season. 

Drinking  Fountains. 

The  five  public  drinking  fountains  put  in  operation  two 
years  ago  are  a  failure.  The  waste  pipes  are  too  small,  and 
are,  as  a  general  thing,  completely  filled  up  with  gravel, 
sticks,  etc.,  and,  as  a  consequence,  there  is  a  mud  hole  in  the 
street,  and  the  sidewalks  are  more  or  less  sloppy  in  their 
vicinity.  They  should  be  taken  up  and  replaced  with  a 
well-constructed  fountain  arranged  in  such  a  manner  as  to 
furnish  water,  not  only  to  the  thirsty  citizens,  but  also  to 
horses  and  dogs.  Fountains  of  this  description  are  exten- 
sively used  in  other  cities,  and  are  highly  appreciated  both 
by  man  and  beast.  The  expense  of  erecting  them  would 
not  be  large,  as  the  present  service  pipes  could  be  used  to 
supply  them.  If  the  old  fountains  remain  in  they  could  be 
greatly  improved  by  arranging  the  waste  pipe  in  a  w^ay  that 
it  could  not  be  stopped  up,  and  by  making  them  self- 
closing. 

PuxMPiNG  House. 

The  pumping  house  has  been   thoroughly  repaired,  the 
walls  plastered  and  the  machinery  handsomely  painted. 
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The  total  length  of  main  pipe  now  laid  is  22.28   miles ; 
number  of  hydrants,  235,  and  number  of  valves,  132. 

Respectfully  submitted, 

THOMAS  FARMER,  Jr., 

Supt.  \V.  W. 


COLLECTOR'S  REPORT. 


Office  of  the  Boabd  op  Public  Works,  1 

May  1,  1880.     J 

To  the  Honorahh  Board   of  Public    Works  of  the  City  of 
Grand  Rapids : 

GENTLEMEN:— I   respectfully  present  the  following 
report  for  the  year  ending  April  30,  1880  : 
The  number  of  serviGCs  on  the  1st  of  May,  1879,  for 

which  permits  were  issued,  were 773 

Taps  granted  without  permits 20 

Private  mains  connected  with  works 16 

Total 809 

Number  of  services  put  in  the  past  year  for  which  per- 
mits were  issued 89 

Total  number  of  connections  on  May  1,  1880 898 

Number  of  services  now  cut  off 79 

Number  o^  services  now   open 819 

The  receipts  at  this  office  for  the  year  have  been  as  fol- 
lows  : 

From  water  rates $  15,157  48 

"      permits  599  25 

'*     Farrington  &  Branch,  for  repairs .  416  82 

Total  income  from  Water  Works $  16,173  55 
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There  has  also  been  received  from  sewer  per- 
mits   51  00 

Total  receipts  for  the  year 16,224  55 

Cash  on  hand  May  1,  1879 205  37 

$  16,429  92 
Deposits  have  been  made  with  the  City  Treasurer  during 

the  year,  as  follows  : 

To  the  credit  of  Water  Works  income  fund  —  .?  15,940  67 

"       "       "       1st  District  sewer  fund 40  50 

««       ««       «       2d         "          "         "     10  50 

Total  deposits  during  the  year $  15,991  67 

Cash  on  hand  to  balance 438  25 

I  16,429  92 
Receipts  previous  to  May  1,  1879: 

From  water  rates S  44,447  23 

*^         "      permits 4,006  98 

*•     sewer       "      282  00 

"     Farrington  &  Branch,  for  repairs 304  00 

"     various  sources  (as  per  last  report) 222  59 

Total i  49,262  80 

Receipts  for  the  past  year  16,2^4  55 

Total  receipts  to  date $  65,487  35 

Deposits  made  previous  to  May  1,  1879 : 

To  the  credit  of  Water  Works  income  fund--?  48,699  53 

''         "         '*         **         "         fund 264  90 

•*         "         ''   1st  District  sewer  fund 81  00 

''         "         "  2d       "         "         "        12  00 

Total $  49,057  43 

Deposits  made  the  past  year 15,991  67 

Cash  on  hand  to  balance 438  25 

Total $  65,487  35 


STATEMENT  OF  EXPENDITURES. 

May  1,  1879,  to  May  1,  1880. 

CONSTRUCTION  OF  WATER  WORKS. 

1 .    Pipe  System. 

Special   casting $       6  75 

1  new  hydrant 46  75  $         53  50 

2.    Pumping  House  and  Grounds. 

Completing  pump  house $        497  44 

3.    Duplicate  Pumping  Machinery. 

Construction  (balance) $1,020  79 

Lubricators,  connections  and  gauge 

case 65  66  $     1,086  45 

4.    Meters. 
3  new  meters $        123  33 

5.     Additional  Supply. 

Surveys,  plans,  etc _$        945  70 

Total  paid  on  construction $     2,706  42 

Paid  previous  to  May  1,  1879 401,589  59 

Total  paid  for  construction  to  date $404,296  01 

MAINTENANCE     AND     OPERATION     OF 

WATER  WORKS. 

1.    Pumping. 

Salary,   Engineer $  987  50 

"         Assistant  Engineer 810  00 

''         2  firemen 1,035  00 

Fuel 2,669  57 

Repairs  to  pumping  machinery 375  58 

"         "  boiler  arches 68  82 

"         ''  Engine  House 103  58 

Supplies  (oil,  packing,  etc.) 359  68 

$     6,409  73 
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2.    Office  and  Collecting. 

^iary,  Collector $  540  iJO 

Printing  and  advertising 32  35 

Stamps  and  stationery 59  10 

Freight,  fuel,  etc 37  94 

$        669  39 
3.    Superintendence  and  Repairs. 
Salary,  Superintendent $     1 ,000  00 

Repairs. 

1.    Iron  Pipe. 

Labor $      12  05 

Material 9  00  |         21  05 

2.     Wyckofp  Pipe. 

Labor $    198  85 

Material 59  82  $        258  67 

3.    Pump  Loos. 

Labor $  10  00 

4.    Supply  Pipe. 

Labor $    149  70 

Material 54  42  $        204  12 

5.    Hydrants. 

Labor $      85  88 

Material 56  44  |        142  32 

6.    Meters. 

Labor . $      29  25 

Material 16  14  $         45  39 
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7.  Settling  Basin. 

Labor $  70  50 

8.  Supply  Creeks. 

Salary,  Watchman $      86  (K) 

Labor 6:^  70  $        148  70 

9.    Service  Connections. 

Labor 9      18  06 

Material 375  94  $        394  00 

10.    Miscellaneous. 

Tools I     25  24 

Blowing  eff 18  00  J  43  24 

$     2,337  99 
RECAPITULATION. 

Pumping $     6,409  73 

Office  and  collecting 669  39 

Superintendence  and  repairs 2,337  99 

Total  paid  for  maintenance  and  operation. $     9,417  11 

Paid  previous  to  May  1,  1879 40,024  35 

Total  paid  to  date .$  49,441  46 

Income  for  the  year $  16,173  55 

Cost  of  maintenance  and  operation 9,417  11 

Excess  of  receipts  over  expenditures $     6,756  44 

Income  for  the  past  year .     16,173  55 

Income  for  the  year  ending  May  1,  1879 13,734  58 

Increase  in  receipts $     2,438  97 

Respectfully  submitted, 

FRED  A.  TWAMLEY, 

Collector. 
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ESGIHEEE'S  REPORT. 

Graxd  Rapids,  Mich.,  May  1,  1880. 
To  the  Honorable,  i/ie  Board  of  Public   Works  of  the  CHtt/  of 

Grand  Ripida : 

GENTLEMEN:— I  have  the  honor  to  submit  herewith 
■my  annual  report  'of  the  work  done  by  the  pumping  en- 
gines for  the  year  ending  April  30,  1880. 

The  engines  have  been  running  on  361  days,  making  a 
total  of  time  run  3,213  hours  and  15  minutes,  against  342 
days,  or  2,779  hours  and  50  minutes  run  the  previous  year. 

The  total  number  of  revolutions  mode  was  4,042,099 
against  3,347,105  the  year  previous. 

The  new  duplicate  pumping  engine  which  was  completed 
early  in  the  year,  commenced  running  May  25th,  and  has 
been  in  operation  a  large  portion  ot  the  time  since. 

The  following  fable  shows  the  number  of  days  run  for 
each  month,  the  number  of  revolutions  made,  gallons  of 
wat«r  pumped,  and  amount  of  wood  burned.  The  estimated 
quantity  of  water  pumped  per  revolution  is  100  gallons  : 
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Average  daily  consumption,  1,107^427  gallons^  against  » 
daily  average  the  year  previous  of  897,024  gallons,  or  an 
increase  ot  over  23  per  cent. 

Approximate  daily  consumption  for  each   service  1,401 
gallons,  against  1,281  gallons  the  previous  year. 

The  running  expenses  for  the  year  have  been  : 

For  salaries 1 $2,832  50 

"    fuel 2,623  33 

"    repairs 444  40- 

"    oil,  packing,  etc 353  53 

Total $6,253  76 

Average  lifl  of  water  not  including  friction  in  pump  and 

force  main,  150  feet. 

Total  cost  of  raising  one  million  gallons  into 

reservoir . $15  47 

Total  cost  of  raising  one  million  gallons  one 

foot 0  10  31-100- 

Total  cost  of  fuel  for  raising  •ne  million  gal- 
lons into  reservoir '. 6  49 

Total  cost  of  fuel  for  raising  one  million 

gallons  one  foot 0  04  32-100- 

Respectfully  submitted, 
DEMETRIUS  TURNER, 

Engineer  of  Pumping  Machinery.. 


REPORT  OF  CITY  SURVEYOR. 


City  Surveyor's  Office,     1 
Grand  Eapids,  Michigan,  May  1,  1880.  j 

To  the  Honorable  Mayor  and  Common  Council  of  the  City  of 
Grand  Rapids: 

GENTLEMEN :— I  have  the  honor  to  submit  the  fol- 
lowing annual  report  concerning  the  improvemetits  con- 
ducted by  the  Board  of  Public  Works  during  the  past  year. 

Streets. 

The  street  improvements  which  have  been  completed 
during  the  year  are  shown  by  the  following  table,  which  ex- 
hibits the  character  and  cost  of  each,  and  also  the  street 
improvements  now  under  contract  and  not  completed  : 
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The  total  estimated  length  of  the  streets  now  opened  In 
the  city  is  132.57  miles,  of  which  there  are  : 

Graded  and  paved  with  wood 0.07  miles 

Graded  and  paved  with  wood  and  stone 3.96  " 

Graded  and  paved  with  stone 1.55  " 

Graded,  graveled  and  gutters  paved 23.28  " 

Graded  and  graveled 28.95  " 

Graded - 7.48  " 

Unimproved— 67.28  " 

Total . 132.57  miles 

Sewebs. 

The  total  estimated  length  of  the  sewerage  system  is  17.99 
miles,  of  which  there  are  of 

Brick  sewers , 8.02  miles 

Glazed  pipe  sewers -. !j ^  7.90    " 

Cement  jpipe  sewers 0.48    " 

Wood  Sewers - >  1.59    " 

Total 17.99    " 

The  following  tables  show  the  sewers  completed  during 
the  year,  with  their  location  and  cost,  and  also  the  sewers 
now  under  contract  and  uncompleted  : 
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Leonabd  Stbeet  Bridqe. 

A  new  bridge  has  been  built  across  Grand  River  at  Leon- 
ard Street. 

The  bridge  is  of  wood  of  the  pattern  known  as  the 
Town  Lattice,  with  the  addition  of  Howe  Truss  lateral 
bracing.  The  roof  is  shingled,  the  sides  left  open.  In  ad- 
dition to  the  lateral  bracing  each  span  is  provided  with 
six  knee  braces  engaging  overhead  tie  beams,  which  are 
bolted  to  the  top  chords.  The  portals  are  ornamented  with 
bracket  and  scroll  work,  which,  together  with  the  hand 
rail,  are  well  painted. 

The  principal  dimensions  are  as  follows : 

Number  of  spans 8 

Length  of  span 104  feet 

Extreme  width 32   " 

Roadway 18   " 

Sidwalks  each 5  " 

Height,  out  to  out  of  chords 17   " 

Lattice  plank 3  by  10  inch 

Chord        "       „-3  by  12  inch 

The  timber  used  was  white  pine,  of  excellent  quality. 
The  pins  are  of  seasoned  oak  and  were  coated  with  linseed 
oil  before  driving. 

The  contract  was  awarded  October  8,  1879,  to  L.  B. 
Boomer  &  Co.,  of  Chicago,  111.,  and  the  final  account  for 
construction  was  allowed  by  the  Board,  March  27,  1880, 

The  total  cost,  including  stone  coping  on  the  old  piers, 
new  buttresses  and  wing  walls  and  filling  at  approaches^ 
was  $10,561.70. 

Engine  Houses  Nos.  2  and  5. 

Two  engine  houses  have  been  commenced  during  the 
year,  which  are  now  substantially  completed  and  ready  for 
use. 
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Engine  House  No.  2  is  located  on  Barclay  Street  near 
East  Bridge  Street. 

Engine  House  No.  5  is  located  on  the  southwest  corner 
of  Canal  and  East  Leonard  Streets. 

These  bouses  have  been  constructed  from  designs  pre* 
pared  for  the  City  Surveyor  by  Robinson  &  Barnaby^  arch- 
itects^ of  this  city.  For  excellence  of  design^  substantial 
construction,  and  completeness  in  detail,  it  is  believed  they 
will  compare  favorably  with  any  buildings  of  the  kind  in 
this  country. 

Engine  House  No.  2  has  a  frontage  on  Barclay  Street^  of 
forty-four  feet,  and  a  depth  from  front  to  rear  of  seventy- 
six  feet. 

A  basement  in  the  rear  contains  storage  room  for  coal 
and  the  furnace  and  steam  boiler  for  heating  the  building. 

The  foundation  walls  are  of  rubble  masonry,  the  main 
walls  of  brick.  The  front  is  faced  with  white  tile  brick, 
relieved  by  red  brick  ornamentation  and  cut  stone.  Water 
tables,  sills,  etc.,  are  of  cut  stone  ;  copings,  gables,  ete.,  are 
finished  with  galvanized  iron. 

The  roof  is  covered  with  "  Warren's  Patent  Natural 
Asphalt  Hoofing,''  and  is  warranted  by  the  manufacturers 
for  fifteen  years. 

The  first  story,  fifteen  feet  high,  contains  the  office,  in 
which  will  be  found  the  necessary  telegraphic  apparatus, 
and  the  Engine  Room. 

The  Engine  Room  floor  is  paved  with  cedar  block  pave- 
ment, and  is  intended  to  accommodate  a  steamer  and  hose 
carriage,  immediately  in  the  rear  of  which  arc  stalls  for 
four  horses. 

In  the  rear  of  the  stalls  a  partition  separates  the  Engine 
Room  from  the  rear,  where  are  rooms  for  harness,  bedding 
and  other  conveniences,  including  stairs  to  basement,  and 
hayloft  above.  There  is  also  in  this  part  of  the  building  a 
sink  with  city  water,  and  also  outside  a  sott  water  cistern 
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and  pump^  to  force  soft  water  to  tank  in  second  story,  which 
supplies  the  bath  tub  and  wash  basins.  Another  tank  fur- 
nishes soft  water  to  the  boilers. 

On  the  first  story  is  located  under  the  staircase  a  water- 
closet  room,  with  Jenning's  patent  closet,  wash-stand  with 
marble  slab  and  basin,  furnished  with  plated  furniture. 

Two  staircases  lead  from  Engine  Room  to  second  story. 
XHese  are  built  with  oak,  and  have  landings  provided  with 
swinging  doors. 

The  second  story  is  twelve  feet  high,  and  is  to  be  used  as 
a  dormitory.  It  is  well  lighted  and  ventilated  by  hand- 
some windows  on  every  side  of  the  room. 

Adjoining  the  dormitory  is  a  large  bath  room  with  bath 
tub,  lined  with  tinned  planished  copper.  Immediately 
over  the  office  is  a  room  on  second  floor,  whence  access  is 
had  to  the  tower. 

The  tower  is  on  northwest  corner  of  the  building,  oon* 
tains  office  on  first  floor  and  hose  well  fifty  feet  high,  for 
drying  hose.     The  tower  roof  is  slated  with  black  slate. 

Burmbuuting  the  tower  a  campanile  with  lofty  flag-stafl^ 
rsies  to  a  height  of  105  feet  from  the  street  below. 

The  enclosed  bell-deck  affords  a  magnificent  view  of  the 
entire  city. 

Two  large  entrance  doors  in  the  front  afford  ample  means 
of  exit,  while  a  door  in  the  tower  and  two  in  the  rear  of 
the  building  are  provided. 

The  building  was  built  by  Dannals  &  Carroll,  of  this 
city.     The  contract  price  was  $5,078. 

Engine  House  No.  5,  on  Canal  Street,  has  a  frontage  of 
fifty-five  feet,  and  a  depth  of  seventy-six  feet.     This  build- 
ing is  somewhat  wider  than  No.  2,  but  has  been  built  after 
the  same  general  design  and  arrangement. 

It  has  a  large  ornamental  hose  and  bell  tower,  reaching 

..-'■«,•■  «  ' 

to  a  total  height  of  one  hundred  and  ten  feet  above  Canal 
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Street^  to  the  top  of  the  flag  staff.     The  buildiug  presents  a 
fine  architectural  appearance. 

The  bnilding  is  heated  throughout  by  steam  sup- 
plied to  radiators  through  the  building  from  a  boiler  in  the 
basement.  Bathrooms,  water  and  gas  is  provided  as  in 
No.  2. 

The  building  has  been  built  by  J.  H.  Courtney,  of  this 
city.     The  contract  price  was  $6,688. 

The  steam  heating  apparatus  in  both  buildings  has  been 
put  up  by  Sproul  &  McGurrin,  of  this  city.  The  contract 
price  for  this  work  was  $1,125. 

The  following  is  the  cost  of  the  several  improvements 
which  have  been  completed  during  the  year,  including  inci- 
dental expenses,  but  not  including  the  cost  of  superintend* 
ence  on  bridge  and  engine  houses : 

Street  improvements $  9,078  32 

Sewerage 11,565  98 

Leonard  Street  Bridge 10,561  70 

Duplicate  Pumping  machinery  ._ 11,520  79 

Total  cost  of  completed  work $42,726  79 

Paid  by  Board  on  incomplete  work 15,166  04 

Total 167,892  83 

Paid  on  above  prior  to  May  1,  1879 14,713  98 

Leaves  amount  paid  during  year --$43,178  85 

Respectfully  submitted, 

A.  C,  SEKELL, 
City  Surveyor. 
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Jleport  of  the  ^oard. 
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Board  of  Public  Works,      ) 
Grand  Bapids,  Mich.,  May  1,  1881.  ( 

To  the  IlonorabUt  th^.   Mayor  and  Comvum  CormcU  of  the  City 
of  Orantl  Rapida:— GENTLEMEN  : 

The  JBoaid  of  Pablic  works  respectfully  submit  to  your  Honor- 
able body,  its  report  for  the  year  ending  April  80,  1881. 

^  The  report  of  the  Superintendent  of  the  Water  Works,  Collector 
of  water  rates.  Engineer  of  the  Pumping  Works,  and  the  City 
Surveyor,  are  herewith  laid  before  you.  * 

The  report  of  the  Superintendenrgives  very  full  information  in 
relation  to  all  matters  under  his  charge.  That  portion  of  it  refer- 
ring to  the  farther  introduction  and  use  of  Water  Meters,  will  be 
found  to  be  of  particular  interest,  fully  sustaining  the  reasons  pre- 
sented by  the  Board  to  the  Council  when  asking  for  an  appropri- 
ation of  money,  that  meters  might  be  purchased  and  brought  into 
more  general  use. 

The  receipts  from*water  rates,  and  from  other  sources  connected 
with  the  Water  Department,  together  with  the  detailed  statement 
of  expenses,  and  of  expenditures  for  construction  during  the  last 
year,  and  for  previous  years  since  the  commencement  of  the 
Works,  will  be  found  in  the  report  of  the  Collector. 

The  report  of  the  Engineer  at  the  Pumping  Works,  shows  the 
amount  of  water  supplied  and  the  cost  of  that  branch  of  the  ser- 
vice. 
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t^uU  and  complete  inventories  of  all  personal  property  belonging 
to  the  city,  in  charge  of  the  Board,  form  part  of  these  reports. 

For  a  detailed  statement  of  streets  improved,  sewers  constructed, 
and  other  public  work  under  the  supervision  of  the  Board,  yoa 
are  invited  to  examine  the  report  of  the  City  Surveyor. 

It  gives  the  Board  pleasure  to  commend  Mr.  A.  G.  Sekell, 
Superintendent  of  the  Water  Works  and  City  Surveyor,  Mr. 
Turner,  Engineer  in  charge  of  the  Pumping  Works,  his  efficient 
assistant,  Mr.  Geo.  E.  Kirk,  and  Mr.  Fred  A.  Twamley,  Golleetor 
of  water  rates  and  Clerk  of  the  Board,  for  the  faitiiful  and  efficient 
manner  in  which  they  have  discharged  the  duties  of  their  several 
positions. 

Respectfully  submitted, 

GEO.  W.  THAYER,  ^ 
THOMAS  FARMER,  Board 

WILLIAM  P.  INNES,  J.    '      of 

WILLLAli  HOVEY,  I  Public  Works. 


CHARLES  C.  C0M8T0CK 


.  ? 


Superintendent's  Jleport. 


Office  of  Bupebintendent  of  Water  Works, 

Grand  Rapids,  May  7,  1881, 

7b  the  Honorable  Board  of  Ihibiic  Workft : 

Gentlemen: — ^I  have  ihe  honor  to  submit  herewith  the  annual 
report  for  the  year  ending  April  80,  1B81. 

RESERVOIR. 

The  Reservoir  is  in  good  condition,  and  no  expenditure  for  re- 
pairs or  improvements  has  been  found  necessary  during  the  year. 
The  pointing  in  the  slope  wall  at  the  water  line  has  been  nearly 
destroyed  by  the  continued  action  of  the  water  since  the  reservoir 
was  built,  and  during  the  coming  season  it  will  be  advisable  to 
have  the  same  renewed. 

Numbers  of  noxious  weeds  and  shrubs  have  obtained  a  foothold 
on  the  outer  slopes,  which  it  will  be  well  to  remove. 

The  roof  and  cornice  of  the  gate-house  should  be  repainted,  and 
I  would  also  recommend  the  construction  of  another  gate-house 
on  the  west  side  of  the  reservoir,  to  protect  the  valve  at  that  point, 
which  is  now  in  a  somewhat  expoyd  condition. 

I  would  also  suggest  that  the  groimds  surrounding  the  reservoir 
belonging  to  the  dty,  be  enclosed  with  a  suitable  fence,  and 
improved  by  grading  so  far  as  can  be  done  without  undue  expense 
that  the  portion  set  off  for  a  highway  on  the  northwest  part  of  tlie 
grotmds  be  graded  and  graveled,  and  that  a  small  sum  be  invested 
in  the  planting  of  trees. 
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These  improyements  wonld  not  only  be  for  the  public  con- 
venience, but  they  would  tend  to  render  attractive  what  is  now 
somewhat  desolate  and  forbidding  in  appearance. 

SUPPLY  PIPE. 

At  a  session  of  the  Common  Council,  held  October  26,  1880, 
the  City  Clerk  was  instructed  to  notify  the  Board,  that  the  Com- 
mon Council  had  in  the  annual  estimate  for  the  year  provided  for 
the  expenditure  of  the  sum  of  $8,000,  for  the  purpose  of  replacing 
the  supply  pipe  connecting  the  settling  basin  and  the  pumping 
works,  with  one  of  iron,  as  recommended  by  the  Board. 

On  November  8,  the  Board  ordered  the  purchase  of  the  pipe, 
and  on  November  27,  a  contract  for  the  laying  was  awaided  to  C. 
Prange  and  Oeorge  Kelly. 

The  work  is  now  completed  with  the  exception  of  making  the 
connections  at  the  ends  which  has  been  delayed  on  account  of  the 
continued  high  water. 

SETTLING  BASIN  AND  SUPPLY. 

The  completion  of  the  new  supply  pipe  will  enable  a  somewhat 
greater  quantity  of  water  to  be  carried  in  the  settling  basin  than 
has  hitherto  been  found  advisable,  and  it  is  hoped  that  the  quality 
of  the  water  will  be  thereby  improved. 

The  dams  which  were  built  to  control  the  height  of  water  in 
the  supply  creeks,  are  in  a  very  bad  concUtion,  luid  should  be  re- 
built  at  once,  and  with  a  material  more  durable  than  pine  plank. 

The  outlet  drain  from  the  settling  basin  is  a  combination  of 
sewer  tile  and  plank  box,  and  is  in  a  decidedly  bad  condition.  It 
should  be  relaid  at  once  with  iron. 

The  inlets  to  the  basin  are  uJjgo  in  bad  shi^.  They  ahould  be 
entirely  rebuilt  in  a  durable  manner,  and  provided  with  suitable 
screens. 

It  may  also  be  necessary  to  introduce  a  puddle  wall  into  the 
slope  on  the  southi^est  comer  of  the  basin,  before  it  can  be  safe- 
ly filled  to  the  desired  depth. 

The  question  of  additional  supply  has  yet  to  be  decided. 
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It  cBmiot  be  questioned  that  a  supply,  the  gathering  ground 
for  which  is  largely  within  the  limits  of  the  oity,  and  liable  soon 
Uy  be  crossed  by  graded  streets,  and  occupied  by  increased  popula* 
tien,  cannot  much  longer  retain  its  original  purity.  The  necessi- 
ty for  a  larger  quantity  of  water,  than  is  now  available  during  the 
BuiBiner  months,  is  a  pressing  one.  During  July  and  August  of 
the  past  years  there  have  been  pumped  as  follows: 

• 

In  1876, 41.129,200  gaUons. 

"  1877, 46,858,084 

"  1878, 68,122,169 

'•  1879, 78,575,500 

'•  1880, 82,861,700 


The  water  flowing  in  the  supply  creeks  in  July  and  August  of 
1879  was  barely  sufficient  to  meet  the  demand,  but  during  last 
year  no  trouble  was  experienced,  the  season  being  a  wet  one. 
Should  the  coming  Ei^ason  be  marked  by  long  periods  of  dry 
weather  serious  danger  from  a  short  supply  may  be  expected. 

SERVICE  CONNECTIONS. 

Fifty  permits  were  issued  during  the  year  for  service  connections, 
wfaieb  is  the  smallest  number  ever  issued. 

One  four  inch  service  was  put  in  for  a  stand  pipe  for  fire  protec- 
tion* 

Tlie  total  number  of  services  is  949,  of  which  100  are  shut  off. 

Experience  shows,  that  the  use  of  iron  pipe  for  services,  espec- 
ially under  business  blocks,  is  unwise,  and  often  results  in  great 
waste  of  water,  and  liability  to  damage  from  leaks.  A  very  few 
years  suffices  for  the  rust  to  weaken  the  pipe,  so  that  it  may  burst 
at  any  time; 

A  number  of  services,  amounting  to  about  100  were  laid  soon 
after  the  building  of  the  works,  without  shut- off  cocks,  so  that 
now,  irtienever  it  is  necessary  to  shut  off  the  water,  the  street 
must  be  dug  up  and  the  corporation  cock  used.  Some  steps 
should  be  taken  to  remedy  this  matter,  or  much  expense  apd  ai;- 
noyanee  will  coiitiAue  to  result. 
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The  old  wooden  shut-off  boxes  used  prior  to  the  adoption  (A 
iron  boxes  in  1878,  give  continued  and  increasing  trouble.  There 
are  about  400  which  are  fast  rotting  out,  and  becoming  filled  with 
earth  or  stone,  so  that  in  nearly  eveiy  case,  when  opened  for  use, 
they  are  found  choked  up  or  entirely  destroyed.  Iron  boxes  should 
be  substituted  for  these  as  fast  as  possible,  not  only  for  the  inter- 
est of  the  city,  but  for  the  interest  of  the  water  consumer  as  welL 

HYDRANTS  AND  VALVES. 

The  hydrants  and  valves  are  generally  in  good  condition. 

Five  hydrant  extensions  were  put  on  during  the  year,  to  conform 
to  new  street  grades. 

Hydrants  have  in  one  or  two  cases  given  trouble,  by  the  break- 
ing of  the  holding  down  bolts,  and  by  the  failure  of  the  waste 
valves  to  work  properly.  Some  trouble  with  hydrants  has  also 
been  occasioned  by  the  breaking  of  the  brasd  stems.  During  the 
severe  cold  weather,  several  of  the  hydrants  were  found  frozen; 
these  were  immediately  thawed  out. 

Two  of  the  post  hydrants,  standing  near  area  walls,  gave  trouble 
when  opened,  by  the  formation  of  ice  in  the  hydrant  base,  closing 
the  waste  hole. 

The  valve  boxes  and  the  Lowiy  hydrant  boxes  were  built  origi- 
nally of  pine  plank,  and  are  now  generally  in  an  unsafe  and 
dangerous  condition.  I  would  recommend  that  they  be  replaced 
as  rapidly  as  possible,  either  with  brick  or  iron. 

METERS., 

The  total  number  of  meters  now  set  and  in  operation  is  188,  of 
the  following  kinds : 

Ball  &  Fitts,  Rotary,  Rubber  floats, 45 

•*  «*  ••      Bronze      •«     66 

Worthington| 7 

Crown, 6 

Ball  &  Fitts,  Piston 70 
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There  are  in  the  shop,  old  meters,  as  follows: 

Worthington 1 

Ball  &  Fitts,  Piston 9 

"  •*       Rotary,  bronze, 1 

'•  **  "      Rubber 1 

There  are  in  stock,  new  meters,  as  follows: 

Ball  &  Pitts,  Rotary,  Rubber  floats, 41 

'*  "  "       Bronze, 40 

Crown, 6 

Total  number  meters  owned  by  city 281 

The  Common  Council  on  December  20, 1880,  ordered  the  trans- 
fer of  $5,000  to  the  water  works  fund,  to  \)e  used  in  the  purchase 
of  additional  water  meters,  as  recommended  by  the  board.  At 
that  time  there  were  in  use  91  meters  the  exptirience  with  which 
had  satisfied  the  Board  of  the  advisability  if  not  the  imperative 
necessity  of  setting  meters  on  all  large  users,  business  blocks  and 
manufactories. 

Soon  after  the  notice  of  the  appropriation,  the  additional  meters 
were  purchased  and  the  setting  commenced  and  carried  on  as  fast 
as  possible. 

It  could  not  be  expected  that  the  general  introduction  of  meters 
could  be  accomphshed  without  much  opposition  from  the  behevers 
in  the  use  as  you  please  system ;  but  the  experience  with  the  new 
meters  serve  to  estabhsh  the  former  opinions  as  to  the  necessity 
for  their  use. 

The  objects  sought  by  the  meter  are :  First,  to  prevent  waste, 
either  willful  or  from  the  employment  of  leaking  fixtures ;  second, 
to  secure  to  the  consumer  who  exercises  due  care  in  the  use  of 
water  the  consideration  to  which  he  is  entitled,  and  third,  to  af- 
ford the  means  of  applying  a  penalty  for  waste  and  neglect,  which 
imposes  a  burden  otherwise  borne  by  the  commimity  at  large;  that 
is,  to  secure  justice  to  all  who  are  taxed  to  maintain  the  wa^r 
works  system. 

Very  prominent  is  the  desire  to  prevent  waste,  which  is  the 
curse  of  all  water  works,  involving  as  it  does,  the  most  lavish  ex* 
penditures  for  additional  supphes. 


•12 

A  few  examples  from  our  experience  with  the  meters  recently 
set,  will  show  conclusively  what  can  be  accomphshed  in  this  di- 
rection, 

On  February  14,  1881  Meter  No.  18898,  was  set  on  a  service 
supplying  a  business  block  of  three  stores,  with  boarding  house 
above.  After  running  45  days,  the  meter  was  read  and  found  to 
have  registered  a  daily  average  of  18,008  gallons  or  at  the  rate  of 
4,747,920  gallons  per  year,  which  is  nearly  one  per  cent  of  the 
total  annual  pumpage,  amounting  in  value  at  the  rate  of  lf5  cents 
per  1,000  gallons,  to  $712.06. 

The  annual  water  rent  charged  was  $85.56. 

• 

The  proprietor  was  notified,  and  after  a  i)ersistent  search  of 
several  days  a  hole  was  found  in  the  iron  service  under  the  base- 
ment floor,  the  water  from  which  passed  directly»into  Uie  sewer. 
This  leak  was  immediately  repaired,  since  wliich  time  the  meter 
has  registered  a  daily  average  of  881  gallons,  or  an  annual  reduc- 
tion of  4,426,855  gallons  of  water. 

Meter  No.  1B887  was  set  F^bniary  24,  1881,  on  a  four  story 
building,  containing  one  store.  This  meter  registered  up  to  April 
1  a  daily  average  of  2,762  gallons  per  day.  When  examined  by 
the  proprietor,  a  connection  with  the  old  Eydrauhc  Go's  pijjes  was 
found,  which  was  not  wholly  closed  as  it  should  have  been.  Tliis 
was  remedied  and  the  consumption  thereby  reduced  to  187  gallons 
per  day. 

0 

Meter  No.  18,882^was  set  Februaiy  28,^1881,  and  on  April  1 
was  foimd  to  have  registered  at  the  daily  rate  of  6,684  gallons. 
A  large  leak  was  found^under  the  building,^and^the  consumption 
reduced  to  600  gallons  per  day. 

Meter  No.  14040  was  set  April  2,  1881,  on  a  four  stor>^  block 
of  two  stores,  and  after  nmning  nine  days,  was  found  to  be  regi>- 
tering  4,288  gallons  per  day.  Several  leaking  fixtures  were  found 
and  repaired  by  the  owner,  and  .the  consumption  thereby  reduced 

to  170  gallons  per  day. 
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Meter  No.  14068  was  set  April  18,  1881,  on  a  three  story  buil- 
ding of  three  stores,  and  immediately  commenced  registering 
6,850  gallons  per  day.  These  premises  were  examined  by  the 
owner  when  the  meter  was  set  and  everything  found  in  proper 
order  as  far  as  known;  when  the  excessive  waste  was  found,  a 
second  examination  was  made,  and  a  closet  discovered  in  the  base- 
ment, which  had  been  set  by  a  tenant,  without  the  knowledge  or 
consent  of  the  proprietor.  This  closet  was  running  and  had  been 
ever  since  it  was  set.  This  waste  was  stopped,  and  the  consump- 
tion reduced  to  90  gallons  per  day. 

Meter  No.  18788  was  set  April  15,  1881,  on  a  service  supplying 
a  three  story  building  of  five  stores,  and  immediately  commenced 
registering  the  enormous  amount  ot  17,644  gallons  per  day,  al- 
though two  large  leaks  were  found  and  stopped  before  the  meter 
was  set.  i^'urther  examination  disclosed  additional  leaks;  the 
repairing  of  which  resulted  in  reducing  the  daily  use  to  442  gal- 
lons. 

In  aU  cases  where  meters  were  set,  the  proprietors  were  imme- 
diately notified  to  prevent  waste,  and  nearly  aU  the  leaks  discov- 
ered were  fi'om  hitherto  unsuspected  sources. 

In  the  six  cases  cited  above,  (and  many  more  of  similar  char- 
acter could  be  given,)  there  was  running  a  total  of  51,171  gallons 
per  day,  or  18,677,415  gallons  per  annum. 

The  reduction  effected  by  these  six  meters,  amounts  to  48,851 
gallons  per  day,  or  nearly  18,000,000  gallons  per  year. 

In  order  to  show  still  more  clearly  the  results  accompHshed  by 
the  introduction  of  meters,  in  the  matter  of  saving  of  water,  the 
following  table  has  been  prepared. 

The  first  column  gives  the  meter  number;  the  second  column 
the  number  of  gallons  of  water  passing  the  meter  daily  when  first 
^t;  the  third,  the  number  of  gallons  of  water  passing,  after  the 
pipes  and  fixtures  had  been  put  in  proper  condition. 

The  six  cases  mentioned  above  are  included. 
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Daily  flow 

Flowaft'r 

Meter  No. 

when  me- 

pipes  re- 

ter was  set 

paired 

13898 

18,008 

881 

18874 

8,580 

255 

14058 

8,062 

45 

18882 

6.684 

600 

14046 

4,288 

170 

140C5 

8,550 

645 

18788 

17,644 

442 

14068 

6,850 

90 

18898 

829 

80 

12929 

496 

70 

18998 

1,847 

884 

Meter  No. 


14087 
14080 
18490 
12985 
14085 
18499 
18887 
18492 
14088 
14071 


Daily  flow 
when  me 
terwasset 


2,896 

1,500 

690 

581 

750 

2,565 

2,752 

8,872 

8,589 

682 


Flow  aft*r 
pipes  re- 
paired 


870 
450 

75 
157 

80 
856 
187 
884 
1,155 
145 


Total 91,060       7,871 


The  saving  effected  by  these  21  meters,  amounts  to  over 
29,000,000  gallons  per  annum  or  over  6  per  cent,  of  the  total 
quantity  of  water  pumped  during  the  past  year. 

There  have  been  10  meters  set  on  premises,  which  showed  at 
first  a  total  daily  consumption  of  97,980  gallons,  or  over  85,000,- 
000  gallons  per  annum  or  over  7  per  cent,  of  the  total  water 
pumped. 

It  is  impossible  at  present  to  give  the  saving  which  can  be  ef- 
fected on  these  10  services,  as  a  number  are  still  wasting  a  laige 
amount. 

The  water  passing  these  10  services,  would  amount,  at  the  rate 
of  15  cents  per  1,000  gallons,  to  f  5,861.00  per  year,  or  an  aver- 
age of  $586.10  each.  None  of  these  services  supply  the  largest 
consumers.  The  total  annual  water  rents  received  from  the  10  was 
f  172.04  or  an  average  of  $47.20  each.  The  highest  rate  received 
was  $85.56,  and  the  smallest  $11.00.  Here  are  ten  services  run- 
ning more  than  ten  times  the  water  to  which  they  are  entitled  by 
the  rates  paid. 

The  conclusion  drawn  from  our  experience  with  meters  is* 
that  more  than  two-thirds  of  all  the  water  pumped,  is  permitted 
to  run  to  waste,  and  that  the  meter  system  of  seUing  water  is  ^e 
only  one  which  can  prevent  or  remedy  such  a  condition  of  affairs. 
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It  is  asked:  <*What  of  it?  Suppose  people  do  waste  water,  does 
not  the  interest  account  have  to  be  paid,  even  if  no  water  was 
used?  Is  not  the  only  real  cost  of  the  water  the  value  of  the  fuel 
used  to  pump  it?  What  does  it  signify  if  it  can  be  shown  that  21 
meters  effect  an  annual  saving  of  6  per  cent,  of  the  annual  pump- 
age?  Why  cannot  we  use  as  we  please?" 

A  sufficient  ai^swer  is,  that  our  present  supply  of  water  is  bare- 
ly sufficient  for  our  present  needs,  and  that  the  danger  of  a  water 
famine  is  imminent. 

It  costs  tliousands  of  doUars  annually  to  pump  this  wasted 
water  from  which  not  the  shghtest  benefit  is  derived. 

If  this  waste  is  not  checked,  not  only  will  it  be  necessary  to  se- 
cure as  soon'  as  possible  an  additional  supply,  but  it  will  be  also 
necessary  to  duplicate  certain  essential,  costly  portions  of  our 
water  works  system.  Is  the  privilege  of  wasting  water  worth  this 
price? 

Experience  with  meters  shows  tliat  tliey  operate  directly  in  the 
interest  of  the  careful  householder;  that  is,  tliat  it  is  cheaper  for 
the  consumer  to  use  metered  water,  than  to  pay  the  schedule  rates, 
provided  his  fixtures  are  kept  in  good  repair.  This  is  proven  by 
our  own  experience  as  well  as  the  experience  of  other  cities  that 
have  adopted  the  meter  system. 

The  following  table  illustrates  a  few  of  the  many  cases  which 
might  be  mentioned. 


{iiiiuycuni  Annual  I  Annual 
Motor  NO)  Bumpt'nl4achednle|Bate  by 
In  gallons  Irate  paid    Meter. 


14081 
18868 
18880 
18876 
18874 
18881 


268|¥41  20^28  25 
26  00  16  64 
48  88   25  62 


87  82 
26  00 


9  85 
5  58 


62  00,  88  76 


Motor  No 

Daily  con 

Bumpt'n 

in  gallons 

14044 

78 

4264 

82 

18888 

48 

18888 

48 

18862 

88 

Annual  i  Annual 
Schedule  Bate  by 
rate  paid.    Meter 


122  40 

9  60 

7  50 

7  00 

18  60 


8  54 
8  50 
4  71 
4  71 
4  16 


All  the  above  meters  are  on  business  blocks.     The  fixtures  are 
in  proper  repair  and  water  is  used  for  all  purposes  desired. 
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MAINS. 

A  serious  accident  happened  to  the  force  main  on  the  morning 
of  September  2. 

The  main  was  of  16  inch  Wyckoff  Patent  Wood  Pipe,  and  was 
laid  through  a  deep  ravine  on  a  grade  of  about  1  in  5.  The  bot- 
tom and  sides  of  this  ravine  were  mainly  of  sand  of  varying 
degrees  of  fineness. 

The  water  from  a  long  length  of  graveled  street  had  been  per- 
mitted to  discharge  into  tlie  ravine,  near  the  west  bank  of  the 
reservoir,  and  a  very  heavy  rain  during  the  night  precipitated  so 
great  a  quantity  of  water  into  the  same,  that  the  sand  was  washed 
from  under  the  force  main,  permitting  the  inpe  to  break  apart 

The  water  was  shut  oQ  as  soon  as  possible  after  the  accident, 
but  so  great  was  the  force  of  the  two  16  inch  streams  of  water, 
that  a  large  amount  of  damage  resulted. 

About  850  feet  of  the  force  main  was  blown  out,  an  immense 
amount  of  sand  and  gravel  washed  down  into  the  streets  and  lots 
below,  and  a  large  amount  of  property  damaged  by  water,  but 
fortunately  ^vithout  loss  of  life. 

After  due  consideration  of  the  matter,  the  Board  decided  to  re- 
place the  wood  pipe  with  iron,  and  as  the  sand  had  been  washed 
out  for  a  considerable  depth  below  the  grade  line  of  the  pipe  it  was 
decided  to  lay  the  new  pipe  upon  an  iron  trestle,  that  should  be 
founded  in  sohd  ground,  and  prevent  the  possibility  of  future  set- 
tlement, or  the  danger  of  being  undermined  again  by  water. 

For  the  trestle  columns,  8  inch  cast  iron  gas-pipe  was  selected 
and  driven  through  the  sand  and  gravel,  in  most  cases  into  a  bed 
of  sohd  clay,  which  underlies  the  sand  through  the  lower  portion 
of  the  ravine. 

An  inclined  pile  driver  was  built,  so  arranged  as  to  be  readily 
handled,  fitted  with  a  cast  iron  hammer,  weighing  196  pounds 
having  a  maximum  fall  of  12  feet. 

Very  few  pipes  were  broken  by^the  blows  from  the  hammer,  and 
it  was  found  practicable  to  drive  the  pipes  from  2  to  8  feet  into 
the  clay,  and  as  far  through  sand  as  was  desired. 
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The  top  of  the  pipe  was  capped  with  a  cast  iron  corbel  held  in 
place  by  a. lead  joint,  the  corbels  supporting  cast  iron  saddles  to 
which  they  were  well  bolted. 

The  bents  thus  formed  were  braced  and  tied  with  strap  iron, 
held  by  bolts  and  cap  screws. 

The  bents  were  placed  12  feet  apart,  and  the  saddle  was  so 
made  as  to  hold  a  joint  of  lead,  to  afford  an  even  bearing  for  the 
pipe. 

The  laying  of  the  new  main  was  completed  December  1.  The 
work  of  refiliing  portions  of  the  street  washed  out  has  yet  to  be 
done. 

Some  expense  has  been  incurred  during  the  year  in  lowering 
mains  in  Barclay,  Bronson  and  Ransom  streets,  in  consequence 
of  changes  in  the  street  grades. 

The  following  table  shows  the  number,  location  and  cause  of 
the  various  leaks  in  the  mains  during  the  year. 

LEAKS  ON  DISTRIBUTION  MAINS, 
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LEAKS   ON   DISTRIBUTION   MAINS.  (Continned.) 


STREETS 

W.  Bridge 

Scribuer 

Broadway 

W.  Bridge 

Supply  Pipe 

Soribner 

Ottawa 

Scribner 

Broadway 

Scribnor 

b.  Division 

Fountain 

Supply  Pipe 

Third 

Broadway 

Piainfleld  Ave.. 

Eighth 

E.  Fulton 

Soribner 

Soribner 

Scribner 

Seiibuer 

Jefferson 

Fountain 

Bronsou 

Soribner 

Summer 


Si2e. 
Inch 


12 
8 

12 

12 

'iO 
6 

12 
8 

12 
8 

12 
6 

20 
4 

12 
8 

12 

10 
8 
8 
8 
8 
4 
6 
6 
8 
4 


Kind  of  Pipe. 
«< 

4< 
li 
<< 

Stave 

Wyokofl 

Iron 

Wyckoff 

•I 

«« 

Pump  log 

Stave 

Wyckoff 

Iron 

Wyckoff 

«« 

Wyckoff 

•< 

«■ 

<i 

i< 

Pump  log 

Wyckoff 

It 

«• 


DATE 


9 

la 

13 

U 

18 

27 

31 

September  28 

October  II 

12 

"       13 

"       15 

••       16 

November  4 

Itt 

January  6 

'       11 

March  1 

Marohl8i 

"     26 

April    1 

"       4 

"       7 

••     11 

••     14 

'•     18 

••     27 


CAUSE 

u 

•  < 
it 
It 

Cheek 

Joint  blown  oat.. 

Joint 

It 

ti 

It 

Check 

Joint 

II 

Burst  Pipe. 

Knothole 

Joint 

Joint 

«« 

*'     pipe  settled. 

t< 

BpUt 

Joint 

II 

i< 


The  total  number  of  leaks  was  48  against  64  the  preYiousyear. 

It  will  be  seen  tliat  12,  or  nearly  28  per  cent  of  the  whole, 
were  on  tlie  Scribner  street  Une,  which  seems  to  show  that  poor 
material  was  used  in  the  original  work. 
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Several  imporiAnt  extensions  to  the  mains  have  been  commen- 
ced during  the  year,  the  work  on  which  is  now  in  progress.  They 
are  as  follows:  a  12  inch  line  in  Winter  street,  from  W.  Bridge 
street  to  W.  Fnlton  street;  an  8  inch  line  in  W.  Fulton,  Gold, 
Watson  and  Straight  streets  from  Winter  street  to  Butterworth 
avenue,  and  an  8  inch  line  in  Prescott  street,  Buchanan  street 
and  Wealthy  avenue,  from  S.  Division  street  to  Summit  street. 

There  has  been  appropriated  for  these  extensions  the  sum  of 
$12,602.20. 

A  2  inch  line  was  laid  in  Ransom  street,  from  Bronson  to  Lyon 
streets.  This  line  is  claimed  as  a  private  line,  aliliough  the  stun 
of  $45  was  paid  by  the  city  towards  the  work.  I  understand  that 
parties  wishing  to  connect  with  this  line,  have  to  pay  about  $26 
for  the  privilege,  to  the  persons  who  claim  to  own  it.  I  do  not 
think  it  is  good  pohcy  for  the  city  to  assist  in  the  construction  of 
private  lines  which  are  not  exclusively  the  property  of  the  city, 
and  which  may  serve  to  prevent  the  laying  of  pubhc  lines,  and 
thus  do  injustice  to  would-be  consumers  of  water. 

As  illustrated  by  this  case,  a  few  persons  may  get  the  assistance 
of  the  city  in  laying  a  private  line,  prevent  thereby  for  a  long  time 
the  laying  of  a  public  hne,  and  by  charging  all  persons  who  make 
connections  a  price  for  tapping,  get  reimbursed  for  their  original 
outlay,  and  possibly  become  possessed  of  a  source  of  revenue. 

The  total  length  of  water  mains  now  laid,  not  including  work 
under  contract,  is  22.28  miles;  number  of  hydrants  286,  number 
of  valves  182. 

Bespectfully  submitted, 

A*  C  SEKELL,  Superintendent. 


Collector's  Jleport. 


Office  op  the  Boabd  of  Public  Works, 

May  2,  1881. 

To  the  Honorable  BiHvrd  of  PMic  Warks  of  Hw  Ciiy  of  Grand 
Hapids: 

Gentlemen  :  — I  respectfully  preseut  the  following  repoit  for  the 
year  ending  April  80,  1881 : 

The  number  of  services  on  the  Ist  of  May,  1880,  for  wliich 

permits  were  issued  were 862 

Taps  granted  without  permits, 20 

Private  mains  connected  with  works, 16 

Total, 898 

Number  of  services  put  in  the  past  year,  for  which  permits 

were  issued, 50 

Private  mains  connected  with  works, : . . .  1 

Total  number  of  connections  on  May  1,  1881, 949 

Number  of  services  now  cut  off, 100 

Number  of  services  now  open, 849 

The  receipts  at  this  office  for  the  year  have  been  as  foUows: 

Prom  Water  Rates, f  15,521.41 

From  Water  Permits, 826.60 

Total  income  from  Water  Works, $15,846.91 

There  has  also  been  received  for  labor  and  material, . .  96.88 

From  Sewer  Permits, 81.00 

Total  receipts  for  the  year, f  16,024,29 

Cash  on  hand  May  1,  1880, 438.26 

$lb,46aS.54 
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Depodts  have  been  made  with  the  City  Treasurer  during  tke 
year,  as  follows : 

To  the  credit  of  Water  Works  income  fund, |16,791.08 

Water  Works  fund, 96.88 

"         "         1st  District  Bewer  Fund, 68.60 

"  "  find      "  "        •*     22.60 

Total  deposits  during  the  year, $16,968.41 

Gash  on  hand  to  balance, 494.18 

$16,462.64 

Receipts  from  May  1,  1874,  the  commencement  of  collections, 
to  May  1,  1880: 

From  Water  Bates, $69,604.71 

From  Water  Permits, 4,606.28 

FTom  Sewer  Permits, 888.00 

From  various  sources,  (as  per  last  report) 948.41 

Total 66,487.86 

Receipts  for  the  past  year, 16,024.29 

Total  receipts  to  date, $81,611.64 

Deposits  made  from  May  1,  1874,  to  May  1,  1880: 

To  the  credit  of  Water  Works  Income  Fund, $64,640.20 

Fund, 264.9U 

••  "  1st  District  Sewer  Fund, 121.60 

«•         ««         2nd      ••  "        •*     22.60 

Total $66,049.10 

Deposits  made  the  past  year, 16,968.41 

Gash  on  hand  to  balance, , 494.18 

Total 81,611.64 

STATEMENT  OF  EXPENDITURES. 

May  1,  1880  to  May  1,  1881. 

CONSTRUCTION  01^  WATER  WORKS. 

1.     Pipe  System. 
Winter  Street  mam, f  4,801.62 


2i 

Pl!68cott,  Buchanan  and  Wealthy  Avenue  main, 648.00 

Supply  Pipe, 7,268.28 

Lowering  Pipe,  Ac, 288.84 

$12,496.69 

2.     PifHPiNO  House  and  GR0uin>8. 

Lumber, $89.79 

8.     Meters. 

New  Meters  and  setting, 8,767 .47 

4.     Additional  Supply. 
Printing  report,  analysis,  &o : 874-66 

Total  paid  on  construction, 16,678.61 

Paid  previous  to  May  1,  1880 404,296.01 

$420,974.62 

MAINTENANCE  AND  OPERATION  OF  WATER 

WORKS. 

1.     Pumping. 

Salary,  Engineer, $    901.66 

**      Assistant  Engineer, 900.00 

*«       8  Firemen, 1,648.75 

Fuel, 8,728.81 

Repairs  to  Pumping  Machinery, 124.03 

Boilers, 80.91 

Boiler  Arches, 26.80 

Engine  House, 20.15 

Supplies,  (oil.  Packing  &c.,) 461.88 

$7,776.99 

2.     Office  and  Collecting. 

Salary,  Collector $  676.00 

Printing  and  Advertising, 4.25 

Stamps  and  Stationery, 88.95 

Freight,   Fuel  Ac., 46.66 

$    768.85 


{( ■ 
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8.       BUPBRINTSNDENGE  AND  BSPAIBS. 

Salary,  Superintendent, 9    888.00 

"      Foreman  of  Repairs, 260.60 

$1,188.60 
Bepaibb. 

1.    Iron  Pipe. 

Labor, $27.86 

Material, 82.76 

110.61 

^  2.     Wyckofp  Pipe. 

Labor, $201.67 

Material, 87.14 

2»8.71 

8.     Pump  Loob. 

Labor, $  28.60 

Material, 8.27 

81.77 

4.     Supply  Pipe. 

Labor ^ 84.00 

Material 26.86 

60.86 

6.     Hydrants. 

Labor, 101.08 

Material 112.40 

218.48 

6.     Meters. 

Labor, 18.10 

Material, 69.28 

82.88 

7.     Supply  Greeks. 

Salary,  Watchman, 112.00 

Labor, 188.20 

Material, 26.12 

276.82 
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8.       ttSBTICE   GoifNBCnONS. 

Labor, 16.60 

Material, 66.«6 

78.86 

9.       MlBGSLLAMEOUS. 

Tools, 87.68 

$2,262.96 

Mason  Street  Force  Main. 

Repairs,  provided  for  by  special  appropriation, $  2,770.66 

Recapitulation. 

Pumping, f  7,776.99 

Office  and  Collecting 768.86 

Superintendence  and  R<  pairs 2,262.96 

Total  paid  for  Maintenance  and  operation, 10,797.79 

Mason  'Street  Force  Main  repairs, 2,770.66 

Paid  Previous  to  May  1, 1880, 49,441.46 

Total  paid  to  date $68,009.90 

Respectfully  submitted, 

FRED  A.  TWAMLEY,  Collwjtob. 


I^ngineer's  Jleport. 


Gband  lUpms,  Mich.,  May  1,  1881. 

To  the  Honorable,   Hie  Board  of  PuUic  Wwka  of  tfie   City  of    ^ 
Grand  Iia2>vJ8,—  GENTLEMEN: 

I  hnve  the  honor  to  submit  herewith  my  aDnual  report  of  the 
work  done  by  the  pumping  engines  for  the  year  ending  April  80, 
1881. 

The  machinery  has  been  running  on  865  days,  making  a  total 
of  time  run  4,269  hours  and  20  mmutes,  against  861  days,  or 
8,218  hours  and  16  minutes  run  the  previous  year. 

I  am  pleased  to  say,  that  the  engines  and  boilers  are  in  good 
repair,  and  working  in  a  very  satisfactory  manner. 

It  will  be  seen  by  the  following  report  that  we  have  consumed 
more  wood  in  proportion  to  the  water  pumped,  than  in  previous 
years.  This  is  owing  in  part,  to  an  exti-a  15  lbs.  pressure  the 
pumps  were  subjected  to,  during  three  months  of  lust  fall,  while 
the  force  main  was  undergoing  repairs,  and  also  to  the  poor  qual- 
ity of  the  wood,  much  of  which  was  wet  from  exposure  to  the 
storms  of  early  winter. 

The  foUowing  table  shows  the  number  of  days  nm  for  each 
month,  the  number  of  revolutions  made,  gallons  of  water  pumped, 
and  amount  of  wood  burned.  The  estimated  quantity  of  water 
pumped  per  revolution  is  100  gallons. 
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MONTH. 


May 

Jane 

JuJy 

August 

September, 

Ootober 

NoTember . 
December . 
January . . . 
February . . 

Marob 

AprU, 

Total.. 


Days 
Pumpd 


31 
30 
31 
31 
SO 
31 
30 
31 
31 
28 
81 
30 


366 


Time  Run. 
H.       M. 


No  of 
Bevolut'ons 


2ai-30 

296--35 

29G  -10 

306-20 

39S-.55 

400—06 

379-55    I 

490—30 

422-00 

373-&'j 

371—10 

81'5— 15 


371,230 
393.872 
::g6,9I5 
425,709 
386,89i) 
392.  lUO 
387,37tt 
4(»,tt45 
47»,000 
413.122 
404  526 
339,303 


Oallons  water 
Pumped. 


4269—20        4,876,141 


37.123,000 
30,367,2ijO 
39,691.500 
42,670.200 
38,689.000 
39.216,000 
38,7^,000 
46,304  500 
47.000.000 
41.312.200 
4').452,600^ 
38.9;i0,300 


487.514,100 


Cords 

of  wood 

used 


140^ 

144^ 

153^ 

150 

173 

162H 
161  >< 
1965( 

215M 

215 

234^ 


2114 


<:?oetof 
wood 
used 


1817  38 
ttS97 
237  92 
232  50 
268  15 
2S187 
219  93 
314  80 
344  10 
344  00 
375  20 
968  09 
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Total  cost  of  raising  one  million  gallons  into  reservoir,  915.84 

Total  cost  of  fuel  for  raising  one  million  gallons  into  reservoir, 
$6.82. 


The  ronning  expenses  for  the  year  have  been: 

Engineers,  Saleries f  1,801  66 

Firemen,        "       1,648  75 

Fuel 8,689  81 

Repairs.        Supplies. 

A.  Leitelt  Bros.  &  Co., $48  16 $168  96. .    .$  197  12 

C.  H.  Southwick, 41  40. . . .  41  40 

E.  P.  Thayer, 83  62. . . .  88  52 

L.  D.  Putnam 20  76. . . .  20  76 

Foster,  Stevens  &  Co., 4  60 4  60 

Shriver,  Weatherly  &  Co 20  84 20  34 

E.  G.  Studley, 1  80. . . .  1  80 

Leonard  &  Ellis 188  80....  188  80 

Boston  Belting  Co., 88  70 88  70 
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John  Olson 26  80 26  80 

Butterworth  &  Lo>^c, 70  86 70  86 


17,722  80 
I^spectfiilly  submitted, 

DEMETRIUS  TURNER, 

Engineer  of  Pumping  Machinery. 


^ 


Jleport  of  City  Surveyor. 


City  Surveyob's  Office,         ) 
Grand  Rapids,  Mich.,  May  1,  1881.  \ 

To  the  Honorable  Mayor  and  Co^nmon  Council  of  the  City  of 
Grand  Rapida,— GENTLEMEN: 

I  have  ihe  honor  to  submit  herewith  the  annual  report  of  im* 
proyements  which  have  been  conducted  by  the  Board  of  PaUic 
Works  during  the  past  year. 

STREETS. 

The  street  improvements  which  have  been  completed  during 
the  year,  are  exhibited  in  the  following  table,  which  also  shows 
the  character  and  cost  of  each  improvement,  and  also  the  street 
improvements  now  under  contract  and  not  completed. 
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SEWERS. 

The  total  length  of  sewerage  system  is  20.088  miles  of  which 
there  are  of 

Biick  Sewers, 8.086  miles. 

Glazed  Pipe  Sewers, 9.877 

Cement  "         "        0.480 

Wood  Sewers, 1,690 


Total, 20.038 

The  following  tables  show  the  sewers  completed  during  the  year, 
with  their  location  and  cost,  and  abo  the  sewers  now  under  con- 
tract and  not  completed. 
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The  total  estimated  length  of  the  streets  now  opened  in  the  city 
is  180.76  miles,  of  which  there  are 

Graded  and  paved  with  wood 0.15  miles* 

Graded  and  payed  with  wood  and  stone 4.08 

Graded  and  paved  witli  stone 0.96 

Graded,  graveled  and  gutters  paved 24.99 

Graded  and  graveled 28.68 

Graded 8.85 

Unimproved 68.16 

Total, 180.76 

CRESCENT  PARK. 

A  contract  for  the  grading  of  Crescent  park  was  awarded  by 
the  Board  on  November  8,  1880,  which  provided  only  for  the  re- 
moval of  the  surplus  sand,  and  the  shaping  of  the  surface  for  the 
reception  of  soil  and  sodding.  A  contract  was  awarded  on  April 
28,  1881,  for  covering  the  sand  with  soil  or  loam,  the  construction 
of  gravel  walks  and  for  sodding. 

These  contract-s  will  be  completed  during  the  coming  season. 

The  contract  prices  are,  for  grading  $650.00  for  soiling  and 
sodding,  11500.00. 

The  following  is  the  cost  of  the  street  and  sewer  improvements 
which  have  been  brought  to  completion  during  the  year,  including 
incidental  expenses : 

Street  improvements $•  84,925  51 

Sewerage 14,965  41 

Total  cost  of  completed  work 49,890  92 

Paid  by  Board  on  incomplete  work 50,944  52 

Total 100,885  44 

Paid  on  above  prior  to  May  1,  1880 15,166  04 

Leaves  amoimt  paid  during  year $  85,669  40 

Bespectfully  submitted, 

A.  C.  8EKELL,  City  Sub^'eyob. 


Inventories,  JUay  1.  1881. 


PIPE,  ETC.,  AT  PUMPING  STATION. 


26  Pieces,  6  inch,  12  feet  long. 
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1  8  inch  Sleeve. 

2  10    ** 
2   12    •• 
2   14 
2   16 
2  20    " 
1  Reducer  hub  ends  16  to  12. 

1   Lot   16  inch   Wyckoflf   pipe, 

about  400  feet. 
1  Lot  of  old  WjckofiF  pipe,  small 

sizes. 
1  20  inch  Flange  Valve. 
1  6  inch  Valve. 
1  6  inch  Valve  body. 
1  Valve  box  cover,  (complete.) 

1  "  **       (incomplete.) 
5  Ludlow  Hydrants,  (old.) 

2  4  inch  Hydrant  bases. 
1  Hydrant  base  plate. 

1  12  inch  Plug. 

2  6  inch  Pump  log  thimbles. 
1  Lot  old  iron. 


STQCK  AND  TOOLS  AT  REPAIR  SHOP, 


2  New  Valves  for  Mathew  hy- 
drants. 

2  Iron  stems  for  Lowry  hy- 
drants. 

2  Stand  pipes  for  Lowry  hy- 
drants, 

13  Brass   stems  for  Lowry 
hydrants. 

18  Rubber  valves,  for  Lowry 

hydrants. 
8  Castings  for  Lowry  hydrant 

valves. 


5  Calking  Irons. 
2  Cut-off  Saws. 
1  Rip  Saw. 
1  Cross-cut  Saw. 

1  Compass  Saw. 

2  Pipe  Cutters. 

1  Cutter  Stop  and  4  Dies. 

1  Claw  Hammer. 

2  Sledge  Hammers. 
2  Files. 

1  Ice  Pick. 
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6  Castings  for  Lowry  hydrants 

8  Brass  valves  for  Ludlow  hy- 
drant. 

5  lbs  of  springs  for  Lowiy 
hydrant  drips. 

12  Glands. 

1  4  in.  valve  stem  with  wheel 

8  4 


2 
2 
4 
1 
1 
1 


6 

8 

10 

12 

14 

16 


(< 


i( 


<( 


tt 


II 


<i 
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8  heads  for  valve  stems. 

1  valve  box  cover. 

2  gross  screws. 

60  feet  1^  inch  rope. 

40  feet  1  inch  rope. 

18  thimbles  for  Wyckoff  pipe. 
2  lbs  Oakum. 

4  bolts  for  hydrant  extensions 
2  Bundles  shingles. 

15  lbs  Solder. 
50  lbs  old  lead. 

16  lbs  nails. 

^  bushel  charcoal. 

5  gallons  coal  tar  varnish. 
5  Iron  bands. 

8  ^  in.  corp'n  cocks  w'd  pipe 
44  I 
82  J 

44  f 
12  f 
15  1 

New  Meters  : 

41  BaU  &  Fitts  Rotary  Rubber 
40  *«  «•       Bronze 


(I 


ti 


Iron  pipe 
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5  Crown  Meters. 

Old  Meters: 
9  BaU  &  Fitts,  Piston. 
1  "  Rotary  Rubber. 

1  **  **      Bronze, 

1  Worthington. 
85  Meter  boxes. 
8  Oil  cans. 
8  Lanterns. 
1  Pair  Dividers. 
1  Wire  Snip. 
1  Pocket  Level. 

4  Shovels. 

5  Picks. 

1  Large  Clamp. 

2  Small  Drill  Clamps. 

1  Bench  Vise. 
8  Pails. 

2  Large  Valve  Wrenches. 

1  Lowry  Hydrant  Wrench. 

1  Post 

1  Short  Cut-off  Key. 

1  Hydrant  Head. 

1  Pair  Rubber  Boots. 

1  Washer  Cutter. 

1  Knife. 

2  Screw  Drivers. 
1  Hatchet. 

1  Jack  Plane. 

2  Pumps. 

1  Light  Derrick. 
8  Pulleys. 

2  Small  Brushes. 
2  Hoes. 

1  Maul. 

2  Wrenches. 

1  Scraper, 

2  Saw  Benches. 
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1  Large  Monkey  Wrench. 
1  Brace. 

1  Ratchet  Brace. 
4  Tapping  drills. 
1»  Tapping  Angers. 

2  Drilling  Ratchets. 

6  Taps  for  Iron  Pipe. 
1  Cold  Chisel. 
1  Wood  Chisel. 
1  Punch. 

1  Calking  Hammer. 
1  Earth  Auger. 
1  Testing  Pump. 
1  Stove  and  pipe. 
1  Fire  pot. 


2  Baskets. 

150  feet  Tape  Line. 

1  bnow  Shovel. 

40  Screws  for  lowering  pipe. 

1  pair  Hose  Couplings. 

1  Gasket  Lx)n. 

1  Lot  of  old  Brass. 

1 

1 

1 

1 

1 

1 

1 

1 


Lx)n. 

Buhber. 

Hose. 

Iron  pipe  fittings. 

Bolts  and  Nuts. 
Rubber  Packing. 
Hoop  Iron. 
Gasket  Yam. 
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STOCK  AND  TOOLS  AT  PUMPING  WORKS. 


205  Cords  of  slab  wood. 
75  lbs.  of  Waste. 
25  gallons  of  Yalvoline  Oil. 
25        *'         Machine  Oil. 
1^        "         Castor  Oil. 

8        **         Eerozene  Oil. 

1        ««         Lard  Oil. 
25  lbs.  Boiler  Compound. 
8000  lbs  of  old  Cast  Iron. 

1  Set  Pump  Valves  for  New 
Engine. 

5  Pump    Valves     for      Old 

Engine. 

2  Foot  Valves. 

87  feet  1^  Hose  and  Nozzle. 

8  Brooms. 

1  Lantern, 

1  Flue  Scraper. 

1  Boiler  Scraper. 

4  Fire  Hooks. 


4  Long  Boiler  Scrapers. 

1  Stove  poker  and  shovel. 

2  Long  Valve  Wrenches. 

4  Long  Common  Wrenches. 
1  Long  Socket  Wrench. 

1  Short     " 
12  Spanners. 

2  Large  Monkey  Wrenches. 
4  Small      " 

2  Door  Mats. 

2  Scoop  Shovels. 

2  Long  handle  Shovels. 

1  Common  Hoe. 

2  l^ire  Pokers. 

1  Hand  Saw. 

1  Dirt  Pick. 

1  2^  inch  Hose  Nozzle. 
J    i    «i       it        <i 

1  Hatchet. 
1  Bit  Stock. 
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22  feet  of  2J  inch  Gas  Pipe. 

1  Brass  Oil  Pan. 

8      "       J     " 

1  1^  inch  Auger. 

6       -       i     "^         .' 

4  Small  Bits. 

16       "      li     " 

1  Packing  Hook. 

14       "      1|     ** 

6  Cold  Chisels. 

18       •«     2f     " 

4  Old  Files. 

14       •*      1       «• 

1  Steam  Gauge. 

1  1  Gullon  Jug. 

4  Glass  Tubes  for  Air  Chamber 

2  10  OaUon  Oil  Cans. 

1         "              "    Boiler. 

2    5         **         ** 

8  2^  inch  Old  Globe  Valves. 

2    2         **         ** 

2  2       **         **             ** 

2    1         *«         «» 

1  1^     '* 

2  12        "         •« 

2  1       *♦         **             *« 

2  1  pint  Oil  Cans. 

2    a     <»         ««             «« 

1  Sqnirt     " 

1  1  inch  Check  Valve. 

2  Spittoons. 

2        J     M 

4  yaids  Canvas. 

2    1  «i              «i 

1  Vise. 

1  2|  inch  Brass  Coupling. 

2  Water  pails. 

If**    Iron 

1  Step  Ladder. 

2  2       **       **           ** 

2  long  Ladders. 

18       **       »*           »* 

1  short      •• 

5  1  inch  Plugs. 

6  Chairs. 

7  2J  inch  Flanges. 

1  Dust  Pan. 

8  2^  inch  Tees. 

1  Stove  and  pipe. 

1  12  inch  Eye  Bolt. 

8  Hand  Lamps. 

1  Lot  of  Old  Bolts. 

5  WaU  Tiamps. 

FURNITURE 

&c.,  IN  OFFICE. 

1  Safe. 

1  PoWifolio  Water  Maps. 

1  Counter. 

1  Case  of  Stationery. 

1  Stove. 

1  Case  of  Reports. 

1  Desk. 

6  Cuspidores. 

1  Standing  Desk. 

1  Waste  Basket. 

8  Tables. 

1  Water  Crock 

16  Chairs. 

1  Feather  Duster. 

1  Letter  Press  and  Stand. 

1  Broom. 

1  Map  of  Water  Mains. 
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BOARD  OF  PUBLIC  WORKS 


GEORGE  W.  THAYER,  President 

(term  expires  may,  1882.) 

O.  L.  HOWARD. 

(term  expires  may,  1882.) 

A.  D.  PLUMB. 

(term  expires  MAY,  1883.) 

WILDER  D.  STEVENS. 

(term  expires  MAY,  1884.) 

F.  B.  GILBERT. 

(term  expires  may,  1884.) 


OFFICERS: 

A.  C.  Sekell,  City  Surveyor  and  Sup't  Water  Works. 

Fred  A.  Twamley,  Clerk  and  Collector. 

Thos.  J.  WiLLARD,  Assistant  Collector. 

Demetrius  Turner,  ist  Engineer  at  Pumping  Works 

George  E.  Kirk,  2d  Engineer  at  Pumping  Works. 

S.  M.  Barrows,  Timothy  Rose  and  Geo.  H.  Barrows, 
Firemen. 

John  VanAmberg,  Foreman  of  Repairs. 

Michael  Schmidt,  Watchman. 


REPORT  OK  THE   BOARD. 


Board  of  Public  Works,  ) 

Grand  Rapids,  Mich.,  May  i,  1882.  f 

To  the  Honorable^  the  Mayor  and  Co^nnion  Council  of  the 
City  of  Grafid  Rafids:— GENTLE  ME JN : 

The  Board  of  Public  Works  have  the  honor  to  submit 
herewith,  their  report  for  the  year  ending  April  30th,  1882, 
accompanying  which,  will  be  found  the  annual  report 
of  A.  C.  Sekell,  as  City  Surveyor,  and  as  Superintendent 
of  Water  Works;  of  Fred  A.  Twamley,  Collector  of  Water 
Rates;  and  of  Demetrius  Turner,  Engineer  in  charge  of 
the  Pumping  Works. 

These  several  reports  give  in  detail,  useful  and  all  neces- 
sary information  m  relation  to  practical  operations  in  the 
several  departments  named,  for  the  past  year;  also  the 
present  condition  of  each. 

The  report  of  the  City  Surveyor  shows  the  number  of 
miles  of  improved  streets  in  the  city,  the  kind  of  improve- 
ments made  thereon,  the  number  of  miles  of  streets  unim- 
proved, together  with  the  number,  character  of  work  done, 
and  cost  of  improving  streets  during  the  past  year;  also, 
street  improvements  now  under  contract.  Said  report  also 
presents  a  statement  of  the  amount  of  brick,  pipe,  cement 
and  wooden  sewers  already  constructed,  giving  location 
and  cost  of  same,  and  ot  those  now   under  contract.     It 


gives  valuable  information  in  relation  to  other  public  im- 
provements completed,  and  now  in  progress. 

The  report  of  the  Superintendent  of  Water  Works  em- 
bodies valuable  information,  to  which  your  attention  is 
particularly  invited. 

The  problem  of  a  more  abundant  and  better  water  sup- 
ply for  this  city,  is  yet  to  be  solved.  The  number  of  con- 
sumers of  city  water  is  steadily  increasing;  an  addition  of 
13  per  cent,  having  been  made  during  the  past  year.  The 
calls  for  an  extension  of  the  water  mains  in  various  parts 
of  the  city  are  becoming  frequent,  and  are  often  pressing  and 
persistent.  Any  considerable  extension  of  the  water  mains 
with  a  proportionate  increase  of  consumers  will  render  an 
additional  water  supply  imperative.  The  question  of 
furnishing  our  rapidly  growing  city  with  an  abundslnt 
supply  of  the  best  water  that  its  geographical  position 
will  permit,  and  of  largely  extending  the  water  mains  to 
meet  the  requirements  of  the  public  for  purposes  of  more 
extended  fire  protection  and  domestic  use,  together  with 
that  of  providing  the  necessary  funds  to  meet  the  cost  of 
the  same,  must  soon  demand  the  careful  attention  not 
alone  of  those  who  are  by  law  charged  with  the  large  ex- 
penditure of  money  that  will  be  required  to  provide  for 
the  public  necessities  in  the  direction  named,  but  of  ever}- 
tax  paying  citizen  as  well. 

Aside  from  the  question  of  water  supply  it  may  be  well 
to  state  that  there  can  be  no  legitimate  material  extension 
of  water  mains  until  action  shall  be  taken  by  the  city 
looking  to  the  making  of  further  loans  to  provide  money 
to  defray  the  expense  of  such  extensions. 

The  Board  have  not  funds  at  their  disposal  to  extend 
water  mains  even  for  a  single  block,  excepting  as  they 
are  from  time  to  time  provided  by  the  Council. 

From  May  i,  1877  the  Council  have  replenished  the 


water  works  fund  by  borrowing  from  other  funds  to  meet 
the  cost  of  duplicate  boiler  and  engine  at  pumping  house, 
supply  pipe,  additional  meters,  extension  of  water  mains 
and  other  smaller  items  of  construction,  upwards  of  $60,000 
The  funds  depleted  by  these  transfers  to  the  water  works 
fund  have  been  replenished  by  direct  taxation.  To  what 
extent  the  Council  may  be  willing  to  continue  this  prac- 
tice may  be  determined  by  the  exigences  that  may  from 
time  to  time  be  brought  to  their  attention. 

Upon  representations  made  by  the  Board  to  the  Council 
about  December,  1880,  the  Council  caused  to  be  trans- 
ferred to  the  water  works  fund  the  sum  of  $5,000  which 
enabled  the  Board  to  increase  the  number  of  water  meters 
in  use  from  90  to  280  with  most  satisfactory  results. 

As  stated  b}*  the  Superintendent,  "the  eflect  of  these 
meters  in  preventing  waste  is  very  apparent.  The  ap- 
proximate daily  consumption  for  each  open  service  forthe 
year  ending  May  i,  1881  was  1600  gallons,  while  during 
the  past  year  it  has  averaged  1280  gallons,  representing  a 
reduction  of  20  per  cent. 

There  were  used  during  the  year  ending  May  i,  1881 
2114  cords  of  wood  for  pumpmg,  while  during  the  past 
j'ear  there  have  been  used  1663  cords.  The  actual  amount 
saved,  as  shown  by  the  Engineer's  report  amounting  to 
$612.05.  In  other  words,  water  has  been  pumped  last 
year  for  supplying  905  services  for  $615.05  less  than  it 
cost  to  pump  water  for  834  services  the  year  previous." 

The  receipts  from  water  rates  for  the  year  ending  May 
I,  1882,  exceed  those  of  the  previous  year  by  $4,391.62, 
and  this,  notwithstanding  that  a  reduction  in  the  rates 
charged  for  metered  water  was  made  April  i,  1881,  which 
amounted  to  more  than  $1,000  on  the  90  meters  previous- 
ly in  use,  aggregatmg  a  saving  in  a  single  year  equal  to 
the  sum  expended  for  meters;  more  than  verifying  the 
statements  made  by  the  Board  to  the  Council  as  to  the 
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benefits  to  be  derived  by  an   increase   in   the  number  of 
meters  then  in  use. 

The  supply  of  water  for  the  past  year,  notwithstanding 
the  unusually  dry  summer  of  1881  was  much  more  abund- 
ant than  in  1880.  This  is  to  be  attributed  partly  to  a  saving 
effected  by  the  use  of  meters,  and  partly  to  a  saving  se- 
cured by  the  laying  of  a  new  iron  supply  pipe  in  place  of 
the  leaky  wooden  one  that  required  a  sewer  to  take  off 
its  waste. 

As  will  be  seen  by  the  report  of  the  Superintendent, 
"a  12  inch  line  of  water  pipe  was  laid  in  East  Fulton 
street  from  Division  street  to  Waterloo  street,  and  in  West 
Fulton  street  from  Winter  street  to  South  Front  street. 
Proposals  were  received  by  the  Board  for  laying  a  12  inch 
line  across  Grand  river  at  Fulton  street  to  connect  these 
last  named  lines,  but  as  the  lowest  bid  was  largely  in  ex- 
cess of  the  estimated  cost,  the  Board  decided  to  execute 
the  work  by  day  labor  under  the  direction  of  the  Super- 
intendent of  Water  Works.  The  work  of  crossing  the 
river  has  been  successfully  acconiplished,  but  owing  to 
delays  in  securing  a  right  of  way  the  work  of  connecting 
the  east  end  of  the  river  pipe  with  the  main  at  Waterloo 
street  was  stopped  on  account  of  high  water,  leaving  about 
260  feet  vet  to  be  laid. 


The  expense  so  far  incurred  on  this  work  is  $2,181.50 
or  over  $6,500  less  than  the  lowest  bid  received." 

It  gives  the  Board  pleasure  to  state  that  this  great  sav- 
ing of  expenditure  is  due  to  the  skill  and  abilit}'  of  Mr.  A. 
C.  Sekell,  City  Surveyor  and  Superintendent  of  Water 
Works,  who  exceeded  the  most  sanguine  expectations  of 
the  Board  in  successfully  accomplishing  this  difficult  work, 
in  a  manner  original  with  himself,  showing  in  a  marked 
degree,  his  fitness  for  the  position  he  fills  with  high  credit 
to  himself,  and  to  the  great  advantage  of  the  City  he  serves. 


For  these,  and  other  reasons  of  like  force  and  merit  not 
necessary  to  be  enumerated  here,  the  Board,  m  the  discharge 
of  their  duty  to  the  public  interest,  with  eniire  unanimity, 
most  cheerfully  united  in  a  communication  to  the  Mayor, 
setting  forth  therein  important  facts  for  his  consideration, 
and  asking  him  to  renominate  Mr.  Sekell  to  the  position 
he  has  so  ably  filled.  The  Board  take  this  occasion,  in 
this  public  manner,  to  express  its  approbation  of  the  action 
of  the  Mayor  in  renominatmg,  and  of  the  Council  in  con- 
firming such  nomination,  notwithstanding  the  efforts  made 
to  prevent  it,  thereby  emphasizing  a  policy  indicating  that 
considerations  of  political  expediency  should  be  made  suV 
servient  to  the  public  interest. 

The  report  of  the  Superintendent  gives  a  tabular  state- 
ment showing  on  what  streets  repairs  to  the  water  mains 
have  been  required,  and  the  kind  of  pipe,   wood  or  iron, 

wherein  defects  have  been  discovered.  The  total  miles 
of  water  mains  now  laid  is  stated  as  24  and  67-100;  num- 
ber of  fire  hydrants  260;  number  of  valves  156. 

The  report  of  Mr.  Fred  A.  Twamley^the  Collector  of 
Water  Rates  and  Clerk  of  the  Board  is  well  worthy  of  a 
careful  examination.  It  gives  very  full  information  of  all 
matters  relating  to  receipts  and  disbursements  in  each 
branch  of  the  water  department. 

The  gross  receipts  for  the  year  are  given  as  $20,238.53. 
The  gross  expenditures,  covering  cost  of  repairs  and  op- 
erating expenses  as  $12,071.16,  showing  an  excess  of 
receipts  over  expenditures  of  $8,167.37.  The  previous 
year  shows  an  excess  of  receipts  over  expenditures  of 
$5,049.12. 

The  expenditures  of  the  present  year  are  greater  than 
those  of  the  previous  year  by  $1,273.37,  notwithstanding 
a  saving  of  over  $600  in  fuel  at  the  pumping  house.  This 
is  owing  to  a  large  increase  in  cost  of  repairs  on  Wyckoff 
pipe,  considerable  improvements  about  the  settling  basin. 


lO 

and  other  similar  items,  together  with   some  increase  of 
office  expenses. 

Mr.  Twamley  has  performed  the  duties  of  his  position 
in  an  intelligent  and  most  satisfactory  manner. 

The  report  of  Mr.  Demetrius  Turner,  Engineer  in 
charge  at  the  pumping  works  gives  in  detail  the  work 
done  under  his  supervision,  showing,  when  compared  with 
former  years,  satisfactory  results. 

The  Board  avail  themselves  of  this  opportunity  to  con- 
vey to  the  Mayor  and  Council  their  high  appreciation  of 
the  consideration  they  have  given  to  all  official  matters 
to  which  the  Board  have  had  the  honor  to  invite  their  at- 
tention. They  trust  there  may  arise  no  impediment  to  a 
continuation  of  the  most  satisfactor}'  relations  existing  be- 
tween the  two  bodies,  to  each  of  whom,  are  committed 
important  public  interests,  that  may  be  best  promoted  bj- 
harmonious  action  and  a.  proper  regard  for  the  preroga- 
tives of  each. 

Respectfully  submitted, 

GEO.  W.  THAYER, 
WILDER  D.  STEVENS,  /g^^^^j^j 
F,  B.  GILBERT,  \   PuhUc 

A.  D.  PLUMB,  [  Works. 

O.  L.  HOWARD, 


SUPERINTKNDBNT'S   REPORT. 


Office  of  Superintendent  of  Water  Works,  ) 
Grand  Rapids,  Mich.,  May  i,  1882.  )' 

To  the  Honorable  Board  of  Public    Works-. — GENTLE- 
MEN: 

I  have  the  honor  to  submit  herewith  the  following  an- 
nual report  of  the  condition  of  the  Grand  Rapids  Water 
Works  for  the  year  ending  April  30,  1882. 

RESERVOIR. 

The  reservoir  is  in  excellent  condition.  No  expenditures 
have  been  made  during  ihe  year,  and  there  were  none 
made  the  year  previous. 

The  recommendations  contained  in  the  report  of  last 
year  suggesting  some  improvements  in  the  grounds  and 
upon  the  reservoir  banks  might  be  repeated  here.  A  com- 
paratively small  sum  invested  in  this  direction  would  not 
be  without  a  corresponding  benefit. 

SETTLING  BASIN  AND  SUPPLY  CREEKS. 

Considerable  work  has  been  done  at  the  settling  basin 
during  the  year  as  recommended  m  the  last  annual  report. 

The  old  wooden  dams  which  were  built,  one  to  raise 
the  water  of  Coldbrook  creek  to  such  height  as  would 
admit  of  filling  the  basin,  the  other  to  act  as  a  protection 
to  the  pipe  leading  from  the  basin  to  the  pump  house 
have  been  entirely  rebuilt,  and  in  a  much  better  manner 
than  they  were  originally,  being  much  wider  and  vStronger. 
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The  old  plank  outlet  from  the  settling  basin  has  also 
been  removed  and  a  substantial  brick  culvert  substituted 
which  discharges  below  the  lower  dam. 

The  improvements  made,  together  with  the  completion 
of  the  iron  supply  pipe,  mention  of  which  was  made  in  the 
last  report,  enable  a  much  greater  depth  of  water  to  be 
maintained  in  the  basin  than  was  practicable  before,  and 
much  improvement  in  the  quality  of  water  pumped  has 
been  the  result. 

The  basin  inlets  have  yet  to  be  repaired  or  rebuilt  as 
may  be  thought  best. 

Some  improvements  and  repairs  are  also  necessary  at 
the  gate  house,  the  most  important  of  which  will  be  the 
construction  ol  an  arrangement  which  will  permit  only 
the  water  from  near  the  surface  to  be  drawn  oft',  instead 
of  from  the  lower  muddy  stratum  as  at  present. 

With  the  completion  of  the  work  suggested  coupled 
with  careful  management  1  am  of  the  opinion  that  we 
shall  be  able  to  furnish  a  much  better  quality  of  water 
than  has  hitherto  been  practicable. 

No  additional  steps  have  been  taken  in  the  matter  of 
increased  supply. 

The  amount  of  water  pumped  in  July  and  August  of 
last  year  was  81434,200  gallons,  an  amount  about  one  per 
cent,  less  than  was  pumped  for  the  same  period  the  pre- 
vious year. 

The  season  was  unusually  dry,  and  the  amount  pumped 
was  about  80  per  cent,  of  ihe  total  yield  of  the  creeks,  no 
water  passing  the  dam  except  for  a  few  hours  in  the  early 
morning. 

On  May  i,  of  last  year  there  were  849  open  services 
connected  with  the  works,  and  the  amount  of  water  pump- 
ed during  May  was  40,905,800   gallons,   the   amount  of 
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water  daily  used  per  service  averaging  over  1550  gallons. 

There  are  now  962  open  services  connected  with  the 
works,  an  increase  of  13  per  cent,  over  one  year  ago. 

Should  the  coming  season  find  the  creeks  as  low  as 
ihey  were  last  year  it  is  likely  that  summary  measures 
will  be  necessary  to  prevent  waste  in  order  to  avert  a 
water  famine. 

The  quality  of  the  water  furnished  is  of  necessity  likely 
to  deteriorate  with  the  continued  increase  of  population  in 
the  creek  valleys.  Large  and  increasing  numbers  of  cat- 
tle now  find  pasturage  in  this  section,  and  while  no  serious 
results  may  as  yet  be  apparant,  the  popular  prejudice 
against  city  water  for  domestic  uses  is  not  likely  to  con- 
tinue much  longer  without  substantial  foundation. 

In  this  connection  I  would  respectfully  recommend  that 
some  hydraulic  engineer  ot  repute  be  employed  to  exam- 
ine our  proposed  sources  of  additional  supply,  to  review 
the  work  embodied  in  the  report  submitted  by  myself  on 
this  subject  in  June,  1880,  and  to  submit  to  your  honorable 
body  the  result  of  his  investigations  and  conclusions,  to  the 
end  that  some  definite  plan  for  future  action  be  determine- 
ed  upon. 

HYDRANTS  AND  VALVES. 

The  hydrants  and  valves  are  in  good  condition.  All  the 
hydrants  were  examined  before  the  commencement  of 
winter,  and  all  the  Lowry  hydrants  were  provided  with 
new  springs  for  opening  the  drip  valves. 

But  little  trouble  with  hydrants  was  had  during  the  year, 
none  whatever  from  frost.  The  Ludlow  hydrants  were 
originally  opened  by  means  of  a  five  sided  nut  many  of 
which  became  so  worn  that  they  could  only  be  used  with 
difficulty,  and  hydrant  wrenches  of  two  different  kinds  had 
to  be  carried  by  the  fire  department.  To  oviate  this,  large 
square  nuts  similar  to  those  upon  the  Mathews  hydrants 


have  been  prepared  and  placed  upon  all  theLccki': 
drants. 

All  the  h)'drants  and  valve  boxes  which  were  te 
plank  have  been  examined  during  the  year.    A  vasy. 
of  these  were  found  in  a  dangerous  condition,  and  a 
repaired  or  replaced  with  Bingham  and  Morgans p-*t 
boxes.     It  is  likely  that  many  more  will   have  to  di  '^ 
placed  during  the  coming  season.     One  Ludlow  hycr:  t 
not  in  use  has  been  reset  on  a  private  main  at  liic  ^-s^ 
bank  of  the  Canal  in  Erie  street. 

SERVICE  CONNECTIONS. 

During  the  year  permits  have  been  issued  for  no  5c^ 
vice  connections,  or  over  double  the    number  issued  t's 
year  previous.     There  were  also  five  connections  pui 
for    a  temporary  purpose,   for   which    no   peimits  w< 
issued. 

There  were  also  connected  with  the  mains  six  private 
lines. 

The  total  connections  now  number  1,070,  of  which  I0^ 
are  cut  off  and  962  open. 

METERS. 

Continued  experience  with  meters  justifies  the  policx  of 
the  Board  in  bringing  them  into  general  use. 

There  are  now  owned  by  the  City  .-^05  meters  of  which 
there  are  set  and  in  operation  280,  as  follows: 

Ball  &  Fitts  Rotary 196 

Worthingion 7 

Crown 9 

Ball  &  Fitts,  Piston 68 

Total, 280 


'Pr- 


J- 


U»-- 


rV' 


-.:.''• ' 


3ndphcd::  There  are  in  the  shop  as  follows: 

Ball  &  Fitts,  Rotary ....    11 

d  uVc  •  -       Worthington i 

ifltti  cr.\         Crown 2 

a  cbiT.        Ball  &  Fitts,  Piston 11 

A  Bin:Lz  ~~ 

's:hsx>.       There  are  also  in  use  two  Hartford  meters  which  are 

n  ^  pr,  ■  running  on  trial. 

trcti         -pj^g  effect  of  these  meters  in  preventing  waste  is  very 

The  approximate  daily  consumption  for  each  open  ser- 
^^  vice  for  the  year  ending  May  i,  1881  was  1600  gallons, 
''•^;"  ^  while  during  the  past  year  it  has  averaged  1280  gallons, 

*''     representing  a  reduction  of  20  per  cent. 
whit 

There  were  used  during  the  year  ending  May  i,  1881 

2114  cords  of  wood  for  pumping,  while  during  the  past 
\'ear  there  have  been  used  1663  cords,  the  actual  amount 
saved  as  shown  by  the  engineer's  report  amounting  to 
$612.05. 

In  other  words,  water  has  been  pumped  last  year  for 
supplying  905  services  for  $615.05  less  than  it  cost  to 
pump  water  for  834  services  the  year  previous. 

MAINS. 

Several  important  extensions  to  the  mains  have  been 
completed  during  the  year,  all  of  which  were  laid  with 
I       cast  iron. 

They  are  as  follows:  a  twelve  inch  line  in  Winter  street 
from  W.  Bridge  street  to  W.  Fulton  street;  an  eight  inch 
line  in  W.  Fulton  street  from  Winter  street  to  Gold  street, 
south  in  Gold  street  to  Watson  street,  west  in  Watson 
street  to  Straight  street,  and  south  in  Straight  street  to 


i6 

Butter  worth  avenue;  an  eiii^ht  inch  line  in  Prescott  street 
from  S.  Division  street  west  to  Buchanan  street,  north  in 
Buchanan  street  to  Wealthy  avenue,  and  west  in  Wealthy 
avenue  to  Summit  street;  a  six  inch  line  in  S.  Ionia  street 
from  Cherry  street  to  Weahhy  avenue;  and  a  twenty  inch 
line  in  Coldbrook  street  from  the  settling  basin  to  the 
pump  house  to  replace  the  stave  pipe  originally  laid.  A 
part  of  the  work  in  Coldbrook  street  was  executed  in  a 
very  imperfect  manner,  and  a  number  of  leaks  on  the  line 
have  resulted  in  consequence. 

A  twelve  mch  line  was  also  laid  in  E.  Fulton  street 
from  Division  street  to  Waterloo  street,  and  in  W.  Fulton 
street  from  Winter  street  to  S.  Front  street. 

Proposal**    were    received  by  the  Board    for   laying  a 

twelve  inch  line  across  Grand  River  at  Fulton  street  to 
connect  these  last  named  lines,  but  as  the  lowest  bid 
was  largely  in  excess  of  the  estimated  cost  the  Board  de- 
cided to  execute  the  work  by  day  labor,  under  the  direc- 
tion of   the  Superintendent  of   Water  Works. 

The  work  of  crossing  the  river  has  been  successfully 
accomplished,  but  owing  to  delays  in  securing  a  right  of 
way  the  work  of  connecting  the  east  end  of  the  river  pipe 
with  the  main  at  Waterloo  street  was  stopped  on  account 
of  high  water,  leaving  about  260  feet  yet  to  be  laid. 

The  expense  so  far  incurred  on  this  work  is  $2,181.50 
or  over  $6,500  less  than  the  lowest  bid  received. 

The  following  table  shows  the  number,  cause  and  loca- 
tion of  the  various  leaks  on  the  mains  during  the  year. 
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LEAKS  ON  DISTRIBUTION  MAINS. 


Name  of  Street. 


Stocking 

Barclay 

E.  Fulton 

Canal 

8.  Division .... 

Bronson 

N.  Lafayette.. 

Clancy 

Wealthy  Ave 

Lyon 

Broadway 

Buchanan 

8.  Division 

Third 

Allen 

8.  Division 

Ottawa 

E.  Fulton 

Waterloo 

Scribner 

E.  Fulton 

Waterloo 

W.  Bridge 

W.  Bridge..... 

Waterloo 

Waterloo 

Fountain 

Waterloo 

E.  Fulton 

Lvon 

Ottawa. 

Canal 


Kind  of  Pipe. 


Iron 

Wyckoff. 


It 


(I 


»t 


Pump  log 

Wyckofl 

Pump  log 

Iron 

Blow-oflf  valve 

Wyckoff 

Iron 

Wyckoff". 


it 
If 
t» 
*« 
t% 

u 
<( 
II 
«l 
11 
it 
»l 


Pump  log 

Wyckoff". 


II 
11 
It 
It 


n 
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LEAKS  ON  DISTRIBUTION  MAINS.  (Continued.) 


Nume  of  Street. 


Fulton.... 

Canal 

firouHOu 


i( 


Kind  of  Pipe. 


(i 


»( 


Pump  lug. 


f( 


i» 


Scribner '  Wyckoff., 

E.Fulton 

N.  Canal 

ColUbrook Iron. 


ti 


t( 


tt 


ti 


Lyon... 
Cherry 


(i 


I. 


(t 


«i 


(I 


Scribner Wyukoff. 


Wyckofl". 
Iron 


u 


8.  Divibion. 

Ottawa 

Broadway .. 
Scribner 


(I 


(I 


(i 


Iron 

Wyckoff. 


Jefferson. 


ti 


{( 


it 


i( 


Size. 
Inch. 


10 

8 

6 

ti 

8 

10 

8 

20 

20 

20 

20 

20 

10 

8 

8 

8 

12 

12 

12 

8 

8 

8 

4 


DATE. 


•    8 

"    9 

*•  26 

"  26 

"  30 

Dec.  10 

"    17 

•*    16 

24 

"    26 

•»    30 

Feb.  8, 1882.. 

Murch  6 

**     16 

**    24 

April  10 


CAWE. 


Check... 

14 


Split. 
Joint. 


4f 
*t 
If 
»t 
(4 
(• 
4* 


PI  UK. 
Joint 

41 


44 

». 
44 
4. 

4. 

44 


13. 
18. 
22. 
20. 
26. 
27. 
27. 


44 
44 
44 
44 
44 
14 


Knot  hole... 


The  total  number  was  55  against  43  the  previous  year, 
and  64  the  year  before  that. 

The  total  length  of  water  mains  now  laid  is  24.67  miles; 
number  of  fire  hydrants,  260;  number  of  valves,  156. 

Respectfully  submitted, 

A.  C.  SEKELL.  Sup'i  W.  W. 
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Collector's  Report 


Office  Board  of  Public  Works,  ) 

May  I,  1882.  ) 

To  the  Honorable  Board  of  Public    Works  of  the  City  of 
Grand  Rapids :—  GENTLEMEN: 

I  respectfully  present  the  following  report  for  the  j-ear 
ending  April  30,  1882. 

The  number  of  services  on  the  ist  of  May,  1881 

for  which  permits  were  issued  were 912 

Taps   granted    without   permits, 20 

Private  mains  connected  with  works, 17 

Total 949 

Number  of  services  put  in  the  past  year  for  which 

permits  were  issued no 

Taps  granted  without  permits,  (special) 5 

Private  mains  connected  with  works, 6 

Total  number  of  connections  on  May  i,  1882,     1,070 

Number  of  services  now  cut  off, 108 

Number  of  services  now    open 962 

The   receipts   at  this  office  for  the  year  have  been  as 
follows: 

From   Water   Rates, $i9j579-03 

From    Water   Permits, 659.50 

Total  income  from   Water  Works, $20,238.53 
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There  has  also  been  received,  from  contractor's 

fine 40.00 

From    T.   F.   Richards,    ^    cost   of  Jackson 

street   improvement, 277.00 

From  Sewer  Permits, i^S-So 

From  contractor's  forfeit  on  bid, *.  . . .  10.00 

Total  receipts  for  the  year, ip20,68i.03 

Cash  on  hand  May  i,  1881, 494-13 

$21,175.16 

Deposits  have  been  made  with  the  City  Treasurer  dur- 
ing the  year,  as  follows: 

To  the  credit  of  Water  Works  Income  Fund,  $20,349.05 

"  "       "    Contingent  Fund, 40.00 

"  "       "  Jackson  street  grading, 277.00 

"  "       "   General    Fund, 10.00 

"  "       "   First  District  Sewer  Fund,. .  81.00 

"  "       "   Second  District  Sewer  Fund,  34oO 

Total  Deposits  during  the  year, $20,791.55 

Cash  on  hand  to  balance, 383.61 

$21,175.16 

Receipts  from  May  i,  1874,  the  commencement  of  col- 
lections, to  May  I,  1881. 

From  Water  Rates, $75,126.12 

From  Water  Permits, 4>93i'73 

From  Sewer   Permits, 414.00 

From  varieus  sources,  (as  per  past  reports).  i>039-79 

Total, $81,511.64 

Receipts  for  the  past  year 20,681.03. 

Total  receipts   to  date, $102,192.67 


f 
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Deposits  made  from  May  i,  1874  to  May  i,  1881. 

To  the  credit  of  Water  Works  Income  Fund,  $80,431.23 

"           «*       "  Water  Works  Fund, 361.28 

"           "       "  First  Distrist  Sewer  Fund,.  180.00 

"           "       »*  Second  District  Sewer  Fund,  45-oo 

Total,. . .  .     $81,017.51 

Deposits  made  the  past  year, 20,791.55 

Cash  on  hand  to  balance, S^S-^i 

•  ft 

Total,....   $ip2,i92.67 

STATEMENT  OF  EXPENDITURES. 
May  I,  1881  to  May  i,  1882.. 

OONSTRUOTION  OF  TVATBR  WORKS. 

I.     Pipe  System. 
West  Fulton,  Watson.  Gold  and  Straight  street 

mains, 3*812.90 

Winter  street  main, 938-94 

Prescott,   Buchanan   and  Wealthy  ave.   main,  2,176.82 

Supply  Pipe, ^^^7-39 

Main  under  river, -•  4»^30-i4 

E.  and  W,  Fulton  street  main 6,646.16 

South  Ionia  street  main, i»S45-S8 

Miscellaneous, 3^^'^S 

$21,039.08 
2.     Pumping  House  and  Grounds. 

Lumber, 21.12 

3.     Meters. 

New  Meters  and  setting, 1,264.39 

Total  paid  on  construction, 22,344.59 

Paid  previous  to  May  i,  1881, 420,974.62 

Cost  of  Works  to  date, $443»3i9'2i 


1 


\ 


i 
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M AINTBN ANOB  AND  OPERATION  OF  ^WATEB  V^OBXa, 

1.     Pumping. 

Salary,  Engineer, 1,200.00 

Assistant  Engineer, 900.00 

"       ist.   Fireman, 600.00 

"      2nd.        "        6oaoo 

"       3rd.        "        547.50 

Fuel, 2,803.50 

Repairs  to  Pumping  Machinery, 8042 

**  Boiler  Arches, 63.89 

"  Engine  House, 9.11 

Supplies,  (oil  Packing,  &c.,) 299.03 

$7.10345 
2.     Office  and  Collecting. 

Salary,  Collector, 675.00 

"       Assistant  Collector, 360.12 

Printing  and  Advertising, 52-94 

Stamps  and  Stationery, 53  70 

$1,141.76 

3.     Superintendence  and  Repairs. 

Salary,  Superintendent, 300.00 

"         Foreman  of  Repairs, 720.00 

$1,020.00 

REPAIRS. 
I.     Iron  Pipe. 
Labor, 34.45 

Material, 11.82 

46.27 

2.     WyckoffPipe. 

Labor, 382.82 

Material,  124.96 

^ 50778 


23 

3*    Pump  Logs. 

Lrabor, 22.00 

Material, 5.15 

27.15 

4.     Supply  Pipe. 

Labor, 252.60 

Material, 4243 

^  295-03 

5.     Valves. 

Labor, 66.72 

Material, 79-87 

146.59 

6.     Hydrants. 

Labor, 122.42 

Material, 5542 

177.84 

7.     Meters. 

Labor, 120.07 

Material, 25.15 

145.22 

8.  Settling  Basin. 

Labor, 182.26 

Material, 67.25 

249.51 

9.  Supply  Creeks. 

Salary,  Watchman, 226.00 

Labor, 250.29 

Material, 93'2i 

569.50 

10.     Service  Connections. 

Labor, 69.19 

Material, 468.38 

537-57 


24 

iii     Miscellaneous.  ♦ 

Tools, 81.09 

Blowing  ofl'. 22.40 

10349 

$3*825.95 
Recapitulation. 

Pumping, 7>i0345 

Office  and  Collecting, 1,141.76 

Superintendence  and  Repairs, 35825.95 

Total   paid  for  maintenance  and  operation...         12,071.16 
Paid  previous  to  May  i,  1881, 63,009.90 

Total  Paid  to  date, $75,081.06 

Income  for  the  year, $20,238.53 

Cost  of  maintenance  and  operation, 12,071.16 

Excess  of  Receipts  over  Expenditures, $8,167.37 

Income  for  the  past  year, 20,238.53 

Income  for  the  year  ending   May  i,  1881,...         15,846.91 

Increase  in  Receipts, $4,391.62 

Respectfully  submitted, 

FRED  A.  TWAMLEY, 

Collector. 


Enoineer's  Report. 


Grand  Rapids,  May  i,  1882. 

To  the  Honorable^  the  Board  of  Pnhlic  Works  of  the  City 
of  Grand  Rafids :— GENTLEMEN: 

I  have  the  honor  to  submit  herewith  my  annual  report 
of  the  work  done  by  the  pumping  engines  for  the  year 
ending  April  30,  1882. 

The  machinery  has  been  running  on  356  days,  making 
a  total  of  time  run  3,815  hours. 

I  am  pleased  to  say  that  the  engines  and  boilers  are  in 
good  repair,  and  working  in  a  very  satisfactory  manner. 

It  will  be  seen  by  the  following  report  that  we  have 
consumed  451  cords  less  wood,  aud  pumped  65,325,100 
gallons  less  water  than  is  shown  hy  last  years  report. 

The  following  table  shows  the  number  of  days  run  for 
each  month,  the  number  of  revolutions  made,  gallons  of 
water  pumped,  and  amount  of  wood  burned. 

The  estimated  quantity  of  water  pumped  per  revolution 
is  100  gallons. 
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MONTH. 


May 

June 

July 

August  

Septembei... 

October 

November... 
December ... 

January 

February 

March 

April 


Total. 


Days 
run 


30 


Time  ran. 
H.  M. 


No.  of 
ReTohit'DB. 


409,058 


8H3— 35 

28    290—05     330,947 

I 

30l  330—00.    384,519 


31 
30 
31 
30 
29 
29 
28 
30 
30 


376—05 
339-15 
295—50 
285—25 
290—00 
368—35 
292—55 
305—35 
277—40 


356^3815- 00 


429,823 
395,105 
320.723 
312,364 
321,635 
343,279 
316,205 
346.521 
311,711 


Gftllons  water 
pumped. 


40,9a5,800 
33,094,700 
38,451,900 
42,982,300 


^^     Cost  wood  I    Price 
"^   ,      u»ed.        perooni 


39,510,500  138 

32,072,300  128} 

31,236,400  133J 

32,163,500  133 

34,327,900  144 

31,620,500  144 

34,652,100  148} 

31,171,100!  136 


145i 
123} 
137i 
151 


1232  40-  II  GO 
197  60:  1  (iO 
220  00 


4,221,890  422,189,000 


1663 


241  6(1 
227  70 
212  43 
220  27 
219  45 
237  60 


1  60 
1  60 
1  65 
1  65 
1  65 
1  &5 
1  65 


237  60 

1  65 

245  02 

1  65 

224  40 

1  65 

$2716  07 

Total  cost  of  raising  one  million  gallons  into  reservoir, 
$i6.i2.  52-100. 

Cost  of  raising  one  million  gallons  one  foot,  $0.10.  75-100. 

Cost  of  fuel  for  raising  one  million  gallons  into  reser- 
voir, $6.43   36-100. 

Cost  of  fuel  for  raising  one  million  gallons  one  foot, 
$0.04    28-100. 

The  running  expenses  have  been: 

Engineers,  Salaries, $2,ioaoo 

Firemen,  "         1,747.50 

Fuel, 2,575.80 

6423.30 
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Repairs.        Supplies. 

A.Leitelt, $19.74 $5840 $78.14 

E.  P.  Thayer, 41.90 41.90 

L.  D.  Putnam,.. 16.60 16.60 

Foster,  Sievens&Co., 1.31 8.56 9.87 

Shriver,  Weatherly  &  Co.,     7.85 40 8.25 

E.G.  Studley, 15.20 15.20 

Leonard  &  Ellis, 89.80 89.80 

John  Olson, 63.89 63.89 

Chase  &  Munson, 2.00 2.00 

S.  G.  Preston, 34.93 34.93 

Fred  Maj'bury, 10.00 10.00 

Mich.  Iron  Work, 14-23 ^4.23 

Total, $109.02      $275.79     $^,8o8.u 

Respectfully  submitted, 

DEMETRIUS  TURNER, 

Engineer  Pumping  Machinery'. 
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Report  ok  City  Surveyor. 


CiTV  Surveyor's  Office,         ) 
Grand  Rapids,  Mich.,  May  i,  1882.  \ 

To  the  Honorable  Mayor  and  Common  Council: — GEN- 
TLEMEN: 

I  have  the  honor  to  submit  herewith  the  annual  re- 
port of  improvements  conducted  by  the  Board  of  Public 
Works  during' the  past  year: 

STREETS. 

The  total  estimated  length  of  the  streets  now  opened  in 
the  city  is  132.97  miles,  of  which  there  are 

Graded  and  paved  with  wood, 0.15  miles 

Graded  and  paved  with  wood  and  stone 4.03     " 

Graded  and  paved  with  stone, 0.96     " 

Graded,  graveled  and  gutters  paved, 26.71 

Graded  and  graveled, 28.79 

Graded, 8.76 

Unimproved, 63.57 


u 

u 
u 


Total,  132.97 

The  following  tables  show  the  street  improvements 
which  have  been  completed  during  the  year,  the  character 
and  cost  of  each  improvement,  and  also  the  street  improve- 
ments now  under  contract: 
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SEWERS. 
Action  has  been  taken  during  the  year  looking  to  an 
important  improvement  in  the  sewer  system.  Nearly  all 
of  the  sewers  on  the  east  side  of  the  river  have  their  out- 
lets on  the  east  bank,  and  for  several  years  the  nuisance 
resulting  therefrom  has  increased,  while  various  plans  for 
its  abatement  have  been  suggested  and  discussed. 

At  a  session  of  the  Council  on  May  i6,  '8i  Alderman 
Griswold,  as  Secretary  of  the  Committee  of  the  Whole 
made  a  verbal  report,  recommending  that  the  matter  be 
referred  to  the  Board  of  Public  Works. 

On  May  30  the  Board  submitted  a  report  to  the  Council 
which  contained  the  following: 

"To  effectually  and  permanently  abate  the  existing  nuis- 
ance on  the  Island  Co.'s  addition,  is  an  old  and  difficult  pro- 
blem ;  the  Board  have  the  subject  under  consideration,  but 
have  not  yet  perfected  any  plan  or  recommendations  to  sub- 
mit to  your  honorable  body  in  relation  to  the  same;  but 
hope  to  do  so  at  as  early  a  day  as  the  matters  to  be  con- 
sidered will  permit." 

On  July  23,  the  City  Surveyor  submitted  a  report  to  the 
Board  suggesting  two  plans  for  securing  the  desired  re- 
sults.    This  report  wa.**  as  follows: 

To  the  Honorable  Board  of  PtMic  Works:—  GENTLE- 
MEN. 

In  the  matter  of  plans  and  estimates  of  cost  for  abating 
the  nuisance  on  the  east  side  of  the  river  below  Pearl 
street,  caused  by  the  discharge  of  the  public  sewers,  I  re- 
spectfully submit  the  following: 

Nearly  all  that  part  of  the  city  lying  east  of  the  river, 
and  bounded  on  the  north  by.Coldbrook  street;  northeast 
by  the  watershed  line  of  the  Coldbrook  Creek  valley,  east 
by  the  City  limits,  and  south  by  Fourth  avenue,  is  drain- 
ed by  sewers  having  their  outlets  at  the  river  bank,  near 
the  Grand  Rapids  &  Indiana  Railroad  bridge. 
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The  norlhern  portion  of  the  district  described,  finding 
an  outlet  through  the  Bridge  and  Lyon  street  sewer, 
which  discharges  into  the  covered  channel  near  the  foot 
of  Lyon  street;  the  central  portion  flowing  through  the 
Monroe  street  sewer,  which  also  discharges  into  the  cov- 
ered thannel  in  Pearl  street,  while  the  southern  and  south- 
eastern portions  drain  through  the  Fulton  and  Washing- 
ton street  sewer  which  finds  an  outlet  ai  the  foot  of  Fulton 
street.  The  covered  channel  into  which  discharge  the 
main  sewers  in  Lyon  and  Pearl  streets  as  above  indicated 
is  known  as  the  Butterworth  tail  race,  and  below  Pearl 
street  it  is  called  the  Island  Co.'s  sewer,  and  through  it  in 
addition  to  the  contents  of  the  sewers  is  discharged  a  cer- 
tain amount  of  waste  water  from  the  east  side  canal. 

This  channel  at  its  outlet  has  a  flat  bottom  of  timber  or 
plank,  which  is  lo  feet  wide,  tlie  sides  are  of  rubble  ma- 
sonry which  supports  a  brick  arch,  the  distance  from  the 
crown  of  the  arch  to  the  floor  being  7  feet.  The  floor  of 
this  channel  at  its  outlet  is  below  ordinary  low  water. 

The  present  terminus  is  near  the  South  line  of  Louis 
street,  and  from  this  point  the  contents  flow  through  an 
open  canal  a  few  hundred  feet,  passing  under  the  railroad 
at  Ferry  street,  and  then  turning  at  nearly  right  angles 
and  flowing  west  to  the  river. 

At  low  water  the  contents  of  the  channel  and  the  Wash- 
ington street  sewer  flow  for  several  hundred  feet  exposed 
to  the  sun  and  wind  before  emptying  into  the  water  of  the 
river,  and  the  sewage  after  entering  the  river  is  to  some 
extent  blown  against  the  east  shore,  there  to  remain  and 
decompose. 

A  considerable  part  of  the  drainage  district  mentioned  is 
at  present  without  sewerage  and  many  of  the  buildings  on 
the  lines  of  the  sewers  built  are  at  present  without  house 
drainage,  and  hence  a  continued  increase  of  the  nuisance 
complained  of  may  be  expected  as  new  sewers  are  built 

and  additional  house  drains  connected. 

• 

The  river  at  the  points  spoken  of  is  between  six  hun- 
dred and  seven  imndred  feet  wide  and  from  two  to  three 
feet  deep  in  the  deeper  portions  during  |>eriods  of  low 
water. 
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Manifestly  the  complete  removal  of  the  sewage  to 
some  unobjectionable  point  of  discharge  will  furnish  a  sat- 
isfactory solution  of  the  questions  under  examination. 

Two  plans  are  herewith  submitted  having  in  view  the 
complete  removal  of  the  sewage  from  the  present  points 
of  discharge. 

The  first  contemplates  the  construction  of  an  intercept- 
ing sewer  from  near  the  corner  of  Lyon  and  Canal  streets 
southerly  along  the  route  shown  on  the  accompanying  plan 
to  the  outfall  at  Wealthy  avenue,  the  sewer  receiving  on 
its  wav  the  contents  of  the  Monroe  street  and  the  Fulton 
and  Washington  street  sewers. 

This  sewer  to  be  constructed  to  carry  only  the  sewage 
proper  or  the  dry  weather  flow,  leaving  the  flood  water  of 
storms  to  be  discharged  through  the  present  outlets;  its 
outlet  to  be  carried  below  low  water,  and  some  distance 
out  from  the  shoreline.  This  plan  would  result  in  the  re- 
moval of  the  sewage  lo  a  point  one-half  mile  below  the 
present  outfall  of  the  Fulton  street  sewer;  and  as  the  sew- 
age would  be  discharged  under  water  and  at  some  con- 
siderable distance  from  the  shore,  it  is  not  likely  that 
annoyance  to  property  in  the  neighborhood  would  result. 

The  second  plan  has  for  its  object  the  discharging  of 
the  sewage  into  the  main  channel  of  the  river  at  the  points 
nearest  or  directly  opposite  the  present  outlets  of  the 
main  sewers. 

To  secure  this  result  an  intercepting  sewer  would  com- 
mence in  Lyon  street  near  Canal .  street,  thence  running 
south  in  Canal  street  to  Pearl  street  where  the  contents. of 
the  Monroe  and  Pearl  street  sewers  would  be  received, 
thence  west  in  Pearl  street  to  the  river  bank.  This  inter- 
cepting sewer  would  be  of  brick  and  would  discharge  its 
contents  at  the  river  bank  into  a  receiving  chamber  from 
which  an  iron  pipe  would  convey  the  sewage  to  said  chan- 
nel. The  discharge  of  the  Fulton  and  Washington  street 
sewer  would  in  a  similar  manner  be  conveved  to  the  mid- 
die  of  the  river. 

The  amount  or  volume  of  the  sewage  to  be  dealt  with 
as  an  important  factor,  having  to  do  with  questions  of  size 
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of  sewer,  and  consequently  of  cost,  and  also  with  the  ad- 
visability of  discharging  the  sewage  in  the  river  immedi- 
ately opposite  the  present  sewer  otitlets. 

Whatever  water  is  used  in  a  dwelling  leaves  it  as  sew- 
age the  animal  excreta  forming  about  one-sixtieth  of  its 
bulk. 

In  addition  to  this  is  the  refuse  from  stables,  manufact- 
ories, markets,  laundries,  and  waste  liquids  of  all  kinds; 
amounting  to  nearly  the  same  as  house  drainage. 

Sixty  gallons  daily  per  individual  is  a  legitimate  meas- 
ure of  a  complete  water  supply,  forty  gallons  of  which  is 
sewage  proper,  the  remaining  twenty  gallons  being  a  fair 
allowance  for  the  water  used  for  other  purposes,  but  which 
may  enter  the  sewers,  and  therefore  ma}'  l>e  treated  as 
sewage. 

Sixty  gallons  daily  per  individual  may  therefore  repre- 
sent the  greatest  amount  of  sewage  that  we  may  have  to 
contend  with,  and  as  one-half  of  the  daily  flow  of  sewage 
is  discharged  in  eight  hours  the  maximum  discharge  may 
be  taken  at  three  and  three-quarters  gallons  per  hour  for 
each  individual. 

The  population  within  the  drainage  district  under  con- 
sideration is  not  far  from  15,000. 

Suppose  it  increases  to  25,000  then  1,500,000  gallons  per 
day  may  be  taken  as  the  maximum  sewage  to  be  expect- 
ed and  93,750  gallons  per  hour  as  the  greatest  flow. 

A  smooth  pipe  having  an  internal  diameter  of  eighteen 
inches  and  a  fall  of  six  feet  per  mile  will  discharge  this 
amount. 

In  regard  to  the  success  or  failure  of  this  second  plan, 
we  should  consider  first,  the  relative  volumes  of  sewage 
and  river  water,  and  second  the  breadth,  direction  and 
velocity  of  current  in  the  river;  the  questions  to  consider 
being  *'would  the  sewage  if  discharged  in  mid-channel  be 
so  duuted  as  to  become  inert,  and  would  the  more  solid 
portions  be  carried  by  the  current  beyond  the  point  of 
producing  harm?" 

So  far  as  the  question  of  relative  volume  is  concerned, 
r think  there  can  be  but  one  conclusion. 
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As  has  been  shown,  the  maximum  volume  of  sewage  to 
be  dealt  with  is  not  likely  to  exceed  1,500,000  gallons  per 
day,  although  the  entrance  of  ground  water  into  the  sew- 
ers may  make  their  dry  weather  flow  somewhat  greater. 

The  amount  of  water  flowing  in  the  river  during  ordin- 
ary  low  stages  is  nearly  if  not  quite  1,000,000,000  gallons 
per  day.  During  the  unprecedented  low  water  m  Sep- 
tember, 1879,  ^^s  fl^w  exceeded  600,000,000  gallons  per 
day. 

Providing  that  the  sewage  becomes  well  mixed  soon 
after  its  discharge,  each  gallon  of  sewage  would  in  times 
of  extreme  low  water  be  diluted  with  400  gallons  of  river 
water,  and  usually  with  very  much  more. 

There  can  be  no  doubt  that  any  dilution  approaching 
this  will  render  the  sewage  perfectly  inert  so  far  as  its  abil- 
ity to  create  a  nuisance  is  concerned. 

In  regard  to  the  danger  of  the  more  solid  portions  of 
the  sewage  finding  a  lodgment  against  the  river  banks, 
my  observations  lead  to  the  opinion  that  no  difficulty  need 
be  apprehended  from  this  source. 

The  breadth  of  the  river  and  velocity  of  the  current 
are  such  that  I  think  none  of  the  contents  of  the  sewers 
would  reach  the  shores  until  they  had  passed  below  the 
settled  portion  of  the  city. 

It  has  often  been  suggested  that  the  extension  of  the 
covered  channel  or  the  Island  Co.'s  Sewer,  would  provide 
a  remedy  for  the  evils  now  existing. 

An  objection  to  this  may  be  found  in  the  cost  which 
would  be  excessive,  but  objections  of  a  much  more  serious 
character  exist. 

To  extend  this  sewer  to  Fulton  street,  would  simply 
unite  the  discharge  of  the  sewers  which  is  now  some- 
what separated,  and  while  it  might  to  a. certain  extent 
mitigate  the  evils  now  fell  in  the  vicinity  of  the  jail,  it  would 
increase  the  difficulty  in  the  vicinity  of  Fulton  street,  and 
hence  still  further  extensions  would  be  required.  The 
greatest  objection  to  this  course  is  found  in  the  fact  that 
this  sewer  has  a  wide  flat  bottom  and  a  high  arch,  and 
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that  this  bottom  is  at  present  lower  than  ordinarj^   low 
water  in  the  river. 

While  these  conditions  are  very  proper  for  a  tail  race 
they  are  in  the  highest  degree  objectionable  for  purposes 
of   sewerage. 

It  is  especially  desirable  that  sewage  should  be  carried 
to  the  point  of  discharge  in  the  least  possible  lime  and 
before  decomposition  of  the  sewage  commences.  If  the 
sewer  should  be  extended,  say  three-fourths  of  a  mile,  to 
a  point  of  safe  discharge  or  even  to  the  outlet  of  the  Ful- 
ton street  sewer,  the  bottom  would  be  substantially  level, 
and  consequently  the  current  would  be  very  slow  at  the 
best,  while  every  increase  in  volume  of  river  water  or  rise  in 
its  surface  would  stop  the  current  entirely.  The  result  of 
this  would  be  the  formation  of  sewage  deposit,  which  by  de- 
composition would  fill  the  sewer  with  pestilent  gas,  most 
difficult  to  remove;  this  sewer  gas  would  be  carried  back 
into  the  sewer  system,  if  the  lower  end  of  the  channel  was 
open  to  the  wind,  as  it  is  at  present,  and  if  the  end  was 
closed  then  the  gas  would  be  forced  back  through  the 
openings  oflfering  the  least  resistance,  with  every  increase 
of  temperature  and  with  every  increase  in  the  volume  of 
contained  sewage. 

At  the  end  of  a  period  of  no  great  duration,  1  am  of 
the  opinion  that  the  bottom  of  this  sewer  wouJd  be  found 
covered  with  a  reeking  mass  of  decomposing  sewage 
most  difficult  to  remove,  and  most  harjnful  in  its  ef- 
fects. It  is  more  than  probable  that  the  evils  thus  creat- 
ed would  in  reality  be  .of  more  danger  to  the  communitj^ 
then  those  we  now  seek  to  mitigate. 

I  estimate  the  cost  of  the  main  intercepting  sewer,  hav- 
ing its  outfall  at  the  foot  of  Wealthy  avenue  and  receiving 
the  dry  weather  flow  of  the  Bridge  and  Lyon  street  sew- 
ers, the  Monroe  street  sewer  and  the  Fulton  and  Wash- 
ington street  sfewer,  at  $22,000,  and  the  cost  of  two  iron 
pipe  outlets  discharging  near  the  middle  of  the  river,  one 
receiving  the  contents  of  the  Bridge  and  Lyon  street  sew- 
er and  the  Monroe  street  sewer,  the  other  providing  an 
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outlet  for  the  Fulton  and  Washington  street  sewer,  at 
$9,000. 

Respectfully  submitted, 

A.  C.  SEKELL, 

City  Surveyor. 

This  report  and  the  general  plan  accompanying  it  was 
duly  considered  and  the  President  of  the  Board  requested 
to  transmit  the  same  to  the  Council,  and  to  recommend 
the  carrj^ing  out  of  the  cheaper  plan. 

The  reasons  for  advising  the  cheaper  plan  were  sub- 
stantially as  follows: 

While  there  could  be  no  doubt  of  the  complete  success 
of  the  more  expensive  scheme,  it  was  believed  that  the 
cheaper  one  of  delivering  the  sewage  in  or  near  the  main 
channel  of  the  river  would  prove  equally  satisfactory,  at 
least  for  a  number  of  years. 

Again,  considerable  of  the  work  required  would  be  com- 
mon to  both  plans  and  hence,  in  the  event  of  failure,  there 
would  be  but  little  loss,  which  would  be  mainly  in  the  cost 
of  the  iron  pipe  outlets. 

No  further  action  in  the  matter  was  taken  until  Sept. 
23,  when  the  Committee  on  Ways  and  Means  presented  in 
their  annual  estimate  of  amounts  to  be  raised  by  taxation, 
an  item, 

"For  repairs  and  improvements  at  mouths  of  Washing- 
ton and  Fulton  street  sewers,  as  per  estimate  of  Board  of 
Public  Works,  9,000." 

Subsequently  the  Council  adopted  the  resolutions  neces- 
sary to  enable  the  Board  to  proceed  with  tKe  work. 

Plans  for  the  same  are  now  in  process  of  preparation 
and  it  is  believed  that  the  work  will  be  successfully  com- 
pleted  during  the  coming  season. 
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The  total  length  of  the  sewerage  system  is  22.572  miles 
of  which  there  are  of 

Brick  sewers, 10-239  miles 

Glazed  pipe  sewers, 10.142     " 

Cement    "  "       0.480    " 

Wood  sewers, 1.711     " 

Total 22.572    ** 

The  followmg  tables  show  the  sewers  completed  during 
the  year,  with  their  location  and  cost,  and  also  the  sewers 
now  under  contract: 
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CRESCENT  PARK. 
The  contracts  for  the  improvement  of  Crescent  Park 
mentioned  in  the  last  report,  have  been  completed. 

•The  contract  last  awarded  on  April  23,  1881,  provided 
for  covering  the  entire  surface  of  the  park,  except  walks, 
with  soil  or  loan,  the  sodding  ot  the  same  and  the  con- 
struction of  gravel  walks  where  required;  the  work  was 
executed  in  a  satisfactory  manner,  resulting  in  rendering 
attractive  what  had  hitherto  been  a  most  unsightly 
locality. 

The  cost  of  grading  the  park  was  $680.00,  the  cost  of 
soiling  and  sodding  $1,500.00. 

A  contract  tor  constructing  a  stone  stairway  was  award- 
ed by  the  Board  on  April  23,  1881,  but  the  failure  of  the 
Council  to  approve  the  same  prevented  any  further  action. 

IRON  BRIDGE. 

On  September  12, 1881,  the  Common  Council  adopted  a 
resolution  declaring  the  construction  of  one  span  of  iron 
bridge  to  connect  the  east  end  of  the  main  part  of  the 
Bridge  street  bridge,  with  the  east  bank  of  Grand  river, 
also  the  necessarj'  abutments,  approaches  and  walks,  a  nec- 
essary public  improvement. 

The  specifications  for  the  bridge  and  also  for  the  abut- 
ment were  soon  after  submitted  to  the  Board,  and  adopted; 
proposals  were  advertised  for  and  received.  No  bid  for  the 
stone  work  of  a  satisfactory  character  was  obtained  and, 
in  consequence  the  construction  of  this  part  of  the  work 
was  deferrcfd  until  the  present  season. 

The  contract  for  the  bridge  was  awarded  October  29, 
1881,  to  the  Wrought  Iron  Bridge  Co.,  Canton,  Ohio,  for 
$1,640.00. 

The  contract  provides  for  a  clear  span  of  36  feet,  clear 
width  of  roadwav  22  feet,  width  of  sidewalks  8  feet  each, 
and  the  several  members  are  so  proportioned  as  to  admit 
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a  live  road  of  100  pounds  per  square  foot  over  the  entire 
surface  of  the  roadway  and  walks  without  straining  the 
iron  to  exceed  one-fifth  of  its  ultimate  strength. 

All  the  iron  for  the  work  is  now  on  the  ground  ready 
for  erection  upon  the  completion  of  the  abutment. 

The  work  of  grading  the  approach  and  preparing  a 
suitable  roadbed  will  be  proceeded  with  as  rapidly  as 
possible. 

The  following  is  the  as.'iessed  cost  of  the  several  im- 
provements which  have  been  brought  to  completion  dur- 
ing the  year  exclusive  of  expenditures  relating  to  Water 
Works  construction: 

Street  improvements, $56,705.00 

Sewerage, 45»355«> 

Crescent  park, 2,180.00 

Total $104,240.00 

Respectfully  submitted, 

A.  C.  SEKELL, 

City  Surveyor. 
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Inventories,  NIay  i,  1882. 


PIPE,  ETC.,  AT  PUMPING  STATION. 
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2  New  Hydrants. 
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I  reducer  hub  ends  16  to  12. 
I  Lot  of  16  inch  Wyckoft* 

pipe,  about  400  feet. 
I  Lot  of  old  W yckoff  pipe, 

small  sizes. 
I  20  inch  Flange  Valve. 
I  6  inch  Valve  body. 

6  V^alve  box  covers, 
(complete.) 

7  Valve  box  covers, 
(incomplete.) 

4  Ludlow  Hydrants,  (old.) 
I  4  inch  Hydrant  base. 
I  Hydrant  base  plate. 

1  12  inch  Plug. 

2  6  in.  Pump  log  thimbles. 
I  Lot  old  iron. 


STOCK  AND  TOOLS  AT  REPAIR  SHOP. 


1  New  Valve  for  Mathew 
Hydrant. 

2  Iron  stems  for  Lowry 
H)-drants. 

2  Stand  pipes  for  Lowry 
Hydrants. 

II  Brass  stems  for  Lowry 
Hydrants. 

II  Rubber  valves  for  Low- 
ry Hydrants. 


3  Castings  for  Lowry  Hy- 
drant valves. 
7  Calking  Irons. 
2  Cut-ofJ  Saws. 
I  Rip  Saw. 
I  Cross-cut  Saw. 

1  Compass  Saw. 

2  Pipe  Cutters. 

I  Cutter  Stop  and  4  Dies. 
5  Taps. 
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2  Claw  Hcimmers. 

2  Sledge  Hi 
2  Files. 

immers. 

2  Ice  Picks 

5  Castings  for  Lowr}?^  Hy- 
drants. 

3  Brass  vah 

'es  for  Ludlow 

Hydrants. 

2  1t)s  of  spriniTs  for  Lowr)' 

Hydrant  drips. 
2  Glands. 

I  4  in.  valve  stem  with  wh'l  , 

12  4          " 

26        " 

28 

4  10       " 

I  12       " 

I  14       " 
I  16       « 
1  Heads  for 

vhIvp  fifpms. 

I  Valve  box  cover. 
60  feet  I  ]/^  inch  rope. 
40  feet  I  inch  rope. 
13  Thimbles    for    Wvckoft' 
pipe. 

4  Bolts  for  Hydrant  exten- 
sions. 

I  Bundle  shingles. 
20  1t)s  Solder. 
50  lbs  I^ead. 
40  tt)s  Nails. 
y2  Bushel  charcoal. 

5  Gallons  coal  tar  varnish. 
8  Iron  bands. 

40  ^  in.  Corp.  cocks  w.  pipe 

15^ 


cc 


"  Iron  pipe 


68 -X 
24  >^ 

6  3^ 

10       I 

NEW    METERS. 

3  Ball  &  Fitts  Rotary. 


it 


cc 
« 
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2  Crown  Meters. 

OLD  METERS. 

II  Bail  &  Fitts  Piston. 
8  "  Rotary. 

1  Worthington. 

2  Oil  cans. 
6  Lanterns. 

I  Pair  Dividers. 
I  Pocket  Level. 
25  Shovels. 
8  Picks. 

1  Lar^jfe  Clamp. 

2  Small  Drill  Clamps. 

1  Bench  Vise. 
6  Pails. 

2  Large  Valve  Wrenches. 
I  Lowry  Hvdrant  Wrench 
I  Post  '  "  " 

4  Cut-oft' Street  Keys. 

1  Hydrant  Head. 

2  Pair  Rubber  Boots. 

1  Washer  Cutter. 

2  Screw  Drivers. 
I  Hatchet. 

I  Jack  Plane. 

3  Pumps. 

1  Light  Derrick. 
'x  Pullevs. 

2  Small  Brushes. 

1  Maul. 

2  Wrenches. 

1  Scraper. 

2  Saw  Benches. 
30  Shut-oft' Boxes. 

I  Pair  Pipe  Tongs. 
I  Pipe  Wrench. 

1  Large  Monkey  Wrench. 

2  Small  "    *"        " 
2  Braces. 

6  Tapping  Drills. 
19  Tapping  Augers. 
I  Extension  Bit. 
I  Drilling  Ratchet. 
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3  Cold  Chisels. 

1  Wood  Chisel. 

2  Punches. 

2  Calking  Hammers. 
I  Machinest's       " 
I  Testing  Pump. 

1  Fire  pot. 

2  Baskets. 

36  feet  Tape  Line. 

I  Snow  Shovel. 
40  Screws  for  lowering  pipe 

I  Pair  Hose  Couplings. 


2  Gasket  Irons. 
I  Lot  of  old  Brass. 
I     "     "       "  Iron. 
I     "     "       "  Rubber. 
I     "     "       "  Hose. 
I     "     "       "  Iron  pipe  fit- 

[tings. 
"     "       "  Bolts  and  nuts 
I  Lot  Rubber  Packing. 
I     "    Hoop  Iron. 
I     "    Gasket  Yarn. 
I  Stove  and  Pipe. 


STOCK  AND  TOOLS  AT  PUMPING  WORKS. 


181 J^  Cords  of  slab  wood. 
80  ms  of  Waste. 

5  Gallons  Valvoline  Oil. 
25         "       Machine  Oil. 

1  "       Castor  Oil. 

4         "       Kerosene  Oil. 
150  ibs  Boiler  Compound. 
j4    Set    Pump    Valves    for 
New  Engine. 

2  Pump    Valves    for  Old 
Engine. 

37  ft.  i}4  Hose  and  Nozzle 
24  feet  of  Steam  Hose  and 
Couplings. 

3  Brooms. 
7  Mops. 

I  Lantern. 

I  Klue  Scraper. 

I  Boiler  Scraper. 

4  Fire  Hooks. 

I  4  inch  Steam  Flue  Blow- 
er. 
4  Long  Boiler  Scrapers. 

1  Stove  poker  and  shovel. 

2  Loner  Valve  Wrenches. 
4  Common  Wrenches. 

I  Long  Socket  Wrench. 
I  Short  Socket  Wrench. 


12  Spanners. 

2  Large  Monkey  Wrench- 
es. 
4  Small  Monkey  Whench- 
es. 

1  Door  Mat. 

2  Scoop  Shovels. 

2  Long  handle  Shovels. 

1  Common  Hoe. 

2  Fire  Pokers. 
I  Hand  Saw. 

I  Dirt  Pick. 

I  Garden  Rake. 

I  2^  inch  Hose  Nozzle. 
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I  Bit  Stock. 
22  feet  of  2)4  inch  Gas  Pipe 

Gallon  Jujj. 
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2  ID  Gallon  Oil  Cans. 

2         g  <C  4(  «( 

2      2"  "  " 

2      I  u  a  (( 

2  I  Pint  Oil  Cans. 
2  Squirt  Oil  Cans. 
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2  Cuspidors. 

4  Yards  Canvas, 
I  Vise. 

3  Water  Pails. 

1  Step  Ladder. 

2  Long  Ladders. 
I  Short 

6  Chairs. 

I  Dust  Pan. 

I  Stove  and  Pipe. 

3  Hand  Lamps. 

5  Wall  Lamps. 

I  Brass  Oil  Fan. 
I  ij^  inch  Auger. 

4  Small  Bits. 

I  Packing  Hook. 

6  Cold  Chisels. 
6  Files. 

I  Steam  Guage. 


4  Glass    Tubes    for     Air 

Chamber. 
I  Glass  Tube  for  Boiler. 
32^  in.  old  Globe  Valves 

I  i}4  "    "       "         " 

2  T         ^(      ((  u  u 

2      ^    «      u  "  ** 

I  I  inch  Check  Valve. 

I  i^     " 


u 


u 


ci 


2  % 

12^  inch  Brass  Coupling 
I     54;     '*     Iron 
22         "         " 


1  3 

2  I  inch  Plugs. 

7  2^2  inch  Flanges. 
32^  inch  Tees. 
I  12  inch  Eve  Bolt. 
I  Lot  of  Olcl  Bolts. 
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FURNITURE,  &c.,  IN  OFFICE. 


I  Safe. 
I  Counter. 
I  Stove. 
I  Desk. 
I  Telephone. 
I  Standing  Desk. 
3  Tables. 
16  Chairs. 
I  Letter  Press  and  Stand. 


I  Map  of  Water  Mains. 
I  Portfolio  Water  Maps. 
I  Case  of  Stationery. 
I  Ca.se  of  Reports. 
4  Cuspidores. 
I  Waste  Basket. 
I  Water  Crock. 
I  Feather  Duster. 
6  Brooms. 
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REPORT  OF  THE  BOARD. 


BoABD  OP  Public  Works,         ) 
Graud  Rapids,  Mich.,  May  1, 1888.  J 

•  ■ 

To  the  Honorable  the  Mayor  and  Common  Council  of  the 
City  of  Orand  Rapids : 

Gentlemen  : — In  accordance  with  established  usage,  the 
Board  of  Public  Works  have  the  honor  to  present  their 
report  for  the  year  ending  April  80,  1888,  together  with  the 
report  of  the  City  Surveyor,  the  Superintendent  of  Water 
Works,  the  Collector  of  Water  Bates,  and  of  the  Engineer  in 
charge  of  the  Pumping  Works.  The  amount  and  character 
of  the  public  improvements  carried  forward  under  the 
direction  of  the  Board,  a  detailed  statement  of  labor  per- 
formed, and  of  the  receipts  and  disbursements  of  the  Water 
Works  department  are  embodied  in  these  several  reports,  to 
which  your  attention  is  respectfully  invited. 

For  several  years  the  Council  have  received  petitions 
from  residents  on  numerous  streets  where  there  are  no 
water  mains,  asking  for  an  extension  of  mains  in  their  sev- 
eral streets,  that  water  may  be  had  for  fire  protection  and 
for  private  use.  All  such  petitions  have  been  re 'erred  to  the 
Board  of  Public  Works,  who  have  from  time  to  time  reported 
to  the  Council  their  inability  to  lay  additional  water  pipe 
for  want  of  means  to  defray  the  expense.  In  some  excep- 
tional cases  the  Council  have  provided  funds  to  lay  mains, 
by  which  action  some  important  extensions  have  been  made ; 
but  in  general  the  Board  have  been  obliged  to  report  no 
means  at  their  command. 
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To  enable  the  Board  to  extend  water  mains  in  cases  where 
fire  protection  and  patronage  would  justify  the  outlay,  they, 
in  July  last,  recommended  to  the  Council  that  there  be  sub- 
mitted for  a  vote  of  the  people  the  question  of  authorizing 
the  issue  of  water  bonds  to  the  extent  of  $100,000.  It  was 
not  proposed  to  issue  such  bonds  faster  than  the  public 
necessities  should  demand.  So  far  as  immediate  wants 
might  require  the  sale  of  such  bonds,  they  could  probably 
be  placed  at  from  four  to  five  per  cent.  This  method  of 
providing  money  was  not  adopted  by  the  Council,  but  in- 
stead $10,000  were  raised  by  direct  tax ;  of  this  sum  about 
$9,000  are  now  available  for  the  extension  of  mains.  The 
Board  have  taken  action  looking  to  the  laying  of  such  addi- 
tional water  pipe  as  the  means  at  hand  will  permit.  As  has 
been  stated  in  former  reports  of  the  Board,  any  considerable 
increase  in  the  consumption  of  water  will  draw  upon  the 
present  source  of  supply  beyond  their  capacity. 

For  several  years  the  Board  have  realized  the  necessity  of 
securing  a  new  source  of  supply.  During  a  dry  season 
the  present  water  supply  is  hardly  suflBcient  to  meet  the 
demand  made  upon  it.  Although  a  considerable  sav- 
ing has  been  secured  by  a  new  supply  pipe,  and  a  more 
liberal  use  of  meters  than  formerly,  with  such  a  summer  as 
we  had  in  1879  it  would  now  be  necessary  to  largely  restrict 
the  use  of  water  in  the  months  of  July,  August  and  Septem- 
ber. When  citizens  who  are  now  supplied  with  water  shall 
find  themselves  restricted,  and  probably  in  some  localities 
wholly  cut  oif  from  its  use,  during  the  hottest  months  in  the 
year,  they  will*  awaken  to  the  necessity  of  having  new  and 
more  abundant  sources  of  supply.  It  may  be  the  part  of 
wisdom  to  anticipate  such  insufficiency  of  water  by  taking, 
at  an  early  day,  such  action  as  will  make  it  possible  to  pro- 
vide against  a  water  famine  that  must  otherwise  overtake 
the  city  within  a  very  few  years,  and  possibly  before  an 
additional  supply  can  be  provided.  To  this  end  the  Board 
renew  to  your  honorable  body  its  recommendation  of  July 
last,  that  steps  be  taken  to  submit  to  the  people  of  this  city 
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the  question  of  authorizing  the  issue  of  water  bonds  to  the 
amount  of  |100,000,  to  be  negotiated  on  the  best  possible 
terms  that  can  be  obtained  at  the  time  of  their  issue,  and 
that  they  be  issued  only  as  the  proceeds  shall  be  required 
to  defray  the  expense  of  providing  new  sources  of  water  sup- 
ply or  extending  water  mains. 

The  amount  of  money  that  will  be  required  to  provide  for 
this  city  an  abundant  supply  of  the  best  water  its  locality 
will  permit,  is  at  this  time  largely  a  matter  of  conjecture,  as 
no  definite  plan  has  been  determined  upon.  When  suffi- 
cient means  shall  be  provided  to  warrant  entering  upon  the 
work,  the  question  of  a  new  source  of  supply  will  become  a 
practical  one,  one  that  will  be  likely  to  excite  some  public 
interest  which  may  in  some  degree  be  useful  in  determining 
the  final  plan  of  operations. 

Aside  from  insufficiency  in  amount,  the  rapid  growth  of 
the  city  is  each  year  rendering  the  present  source  of  supply 
more  objectionable  than  it  has  been  in  preceding  years. 
The  present  situation  is  such  that  the  Board  feel  it  to  be 
their  duty  to  the  public  to  strongly  urge  upon  your  honor- 
able body  the  necessity  that  exists  for  means  to  provide  new 
sources  of  water  supply  that  shall  be  abundant  in  volume, 
and  the  best  obtainable  in  purity. 

The  gross  receipts  from  the  water  works  for  the  year  have 

been  $20,847. 91 ;  the  repairs  and  operating  expenses  amount 

to  $12,988.27  ;  making  net  earnings  for  the  year,  $7,359.64. 

The  salaries  of  the  five  members  of  the  Board  for  the  past 

year  aggregate  $486.50,  or  an  average  of  $87.20  for  each 

member. 

Respectfully  submitted, 

GEO.  W.  THAYER, 
F.  B.  GILBERT, 
W.  D.  STEVENS, 
A.  D.  PLUMB, 
D.  E.  EMERY, 

Board  of  PiMic  Works, 


/ 


SUPERINTENDENT'S  REPORT. 


Office  of  Superintendent  of  Water  Works,  ) 
Grand  Rapids,  Mich.,  May  1,  1888.  J 

To  the  Honorable  Board  of  Public  Works  : 

Gentlemen: — I  have  the  honor  to  submit  herewith  the 
annual  report  relative  to  the  Grand  Rapids  Water  Works 
for  the  year  ending  April  SO,  1888 : 

.RESERVOIR. 

The  reservoir  is  in  good  condition.  No  expenditures  dur- 
ing the  year  have  been  made,  except  a  small  sum  for  cutting 
grass  on  the  slopes  of  the  embankment.  The  baren  sand 
banks  in  Mason  street  on  the  line  of  the  force  main  are  still 
in  an  unsatisfactory  condition,  no  definite  plan  for  improve- 
ment having  yet  been  adopted.  During  the  coming  month 
the  experiment  of  planting  slips  of  Lombardy  poplars  will 
be  made,  and  should  it  prove  satisfactory,  a  cheap  and  ready 
method  of  protecting  these  bluffs  from  the  action  of  storms 
and  rendering  them  less  unsightly  in  appearance  will  be  at 
hand. 

SETTLING  BASIN  AND  SUPPLY  CREEKS. 

Work  at  the  settling  basin  has  been  limited  during  the 
year  to  keeping  the  grounds  in  order  and  making  some 
slight  repairs,  the  total  expense  incurred  being  $52.80. 

The  supply  creeks  have  been  daily  patrolled  by  a  watch- 
man, as  in  the  previous  year.  The  cost  of  this  service  was 
$203.00. 
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The  continued  increase  in  the  number  of  water  consumers 
suggests  the  importance  of  attention  to  the  question  of  an 
additional  supply  of  water,  which  still  remains  unsettled. 
So  long  as  the  amount  of  water  flowing  into  the  supply 
creeks  exceeds  the  daily  consumption,  there  will  exist  no 
apprehension  on  the  part  of  the  general  public ;  the  moment, 
however,  the  demand  exceeds  the  supply  and  restrictive 
measures  to  prevent  waste  of  water  are  put  in  operation,  the 
question  is  likely  to  be  forced  prominently  into  public  notice, 
possibly  to  the  prejudice  of  well-matured  designs  for  future 
action. 

The  saving  of  water  resulting  from  the  general  introduc- 
tion of  meters  into  business  blocks  and  manufactories,  has 
undoubtedly  been  the  means  of  tiding  over  the  periods  of 
greatest  use  during  the  past  year,  but  about  all  that  can  be 
accomplished  by  meters  has  been  done.  The  policy  of  a 
general  introduction  of  meters  into  roaidence  property  may 
be  doubted,  and  hence  nothing  further  CQ.n  be  looked  for  in 
this  direction.  The  approximate  daily  consumption  for  each 
service  for  the  year  ending  April  30, 1881,  was  1,600  gallons ; 
for  the  next  year  the  average  was  1,280,  while  for  the  year 
past  it  was  1,271  gallons. 

HYDRANTS  AND  VALVES. 

The  hydrants  and  valves  are  in  good  condition.  No  new 
hydrants  have  been  set  during  the  year. 

During  the  winter  a  load  of  logs  on  runners  slid  against  a 
post  hydrant  on  the  corner  of  East  Bridge  and  Ottawa 
streets,  breaking  the  stand-pipe  and  frost  case. 

Two  new  valves  were  set  on  new  lines  of  pipe,  and  one 
valve  was  set  on  the  Lyon  street  line  at  the  west  line  of 
Canal  street. 

The  original  hydrant  and  valve  boxes,  which  are  of  wood, 
give  increasing  trouble.    The  valve  boxes  are  replaced  as 
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fast  as  they  fail  with  the  Bingham  and  Morgan  cast-iron 
boxes,  of  which  eighteen  have  been  set  daring  the  ^ear. 

The  hydrant  boxes  are  to  be  replaced  with  brick  having 
a  cast-iron  cover  of  a  new  design,  which,  it  is  believed,  will 
obviate  largely  the  objections  existing  against  the  covers 
now  in  use. 

SERVICE  CONNECTIONS. 

During  the  year  permits  have  been  issued  for  96  service 
connections,  or  15  less  than  were  issued  the  previous  year. 
There  were  also  connected  with  the  mains  six  private  lines. 

The  total  number  of  connections  at  present  made  with  the 
works  is  1,171,  of  which  114  are  cut-oflf  and  1,067  open. 

f 

METERS. 

Fifty  meters  have  been  added  during  the  year,  the  total 
number  now  owned  by  the  city  being  365,  of  which  there  are 
set  and  in  operation  328  of  the  following  manufacture : 

Ball  &  Fitts,  Rotary 199 

Worthington 7 

Crown 51 

Ball  &  Fitts,  Piston  . . .  ' 71 

Total 328 

There  are  in  the  repair  shop  as  follows : 

Ball  &  Fitts,  Rotary ; . . .  19 

Worthington 1 

Crown 0 

Ball  &  Fitts,  Piston 7 

Total 27 

There  is  in  use  one  Undine,  which  is  running  on  trial. 
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The  effect  of  the  meters  in  restricting  waste  continues, 
although  the  average  consumption  per  service  is  stiil  very 
large. 

MAINS. 

No  important  extentions  to  the  mains  have  been  made 
during  the  year.  A  four-inch  line  was  laid  in  Madison 
avenue,  from  the  Cherry  street  line  north  a  distance  of  400 
feet,  at  the  expense  of  property  owners  interested  under  an 
understanding  with  the  Board  that  the  cost  was  to  be  re- 
funded to  them  when  funds  for  water  pipe  extensions  were 
at  the  disposal  of  the  Board.  The  amount  expended  was 
$340.79,  and  the  same  was  returned  to  the  parties  advancing 
the  same  by  action  of  the  Board  of  date  March  31,  1888. 

A  four-inch  line  was  also  laid  in  Summer  street,  from  the 
south  end  of  the  pipe  previously  laid  south  to  connect  with 
the  line  in  West  Fulton  street.  The  cost  of  this  work  was 
$114.90,  and  the  expense  was  borne  by  the  Phcenix  Furniture 
Company. 

The  twelve-inch  line  crossing  the  river  at  Fulton  street 
has  been  completed,  adding  greatly  to  the  eflBciency  of  the 
system  on  the  West  Side,  and  increasing  the  pressure  for 
fire  protection.  The  work  of  laying  this  main  from  South 
Front  street  on  the  West  Side  to  Waterloo  street  on  the 
East  Side  was  done  by  the  day,  under  the  immediate  direc- 
tion of  the  Superintendent  of  Water  Works,  at  a  total  ex- 
pense for  labor  and  material,  exclusive  of  the  iron  pipe,  of 
$2,736.64,  of  which  $555.14  was  expended  during  the  past 
year  and  $2,181.50  the  year  previous.  Prior  to  commencing 
the  work  of  laying  this  pipe  the  Board  received  proposals  for 
the  same,  the  lowest  bid  received  being  $8,695.00,  or  $5,- 
958.36  more  than  the  actual  amount  which  has  been  ex- 
pended. 

LEAKS  ON  DISTRIBUTION  MAINS. 

The  following  table  shows  the  number,  cause  and  location 
of  the  various  leaks  on  the  mains  during  the.  year : 


BOARD  OF  PUBLIC  WORKS. 
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NAME  OF  BTBBET. 

Ottawa 

Ck)ldbrook 

Coldbrook 

Scrlbuer 

Scribuer 

South  DivlBion 

Soribner 

BroDSOU 

North  Canal 

North  DivlBion 

BroQson 

Ottawa 

North  Canal 

Booth  Front 

West  Bridge 

WeBtBrldga 

Foantain 

North  Canal 

South  DlTision 

ProBoott 

Soribner 

Summer 

Soribner / 

Waterloo 

Fountain 

South  DlviBlon 

Soribner 

BronBon 

Coldbrook 

Buchanan 

Broadway 

Prescott 

WeBt  Fulton 

Broadway 

Soribner 

liOUiB 

Bronson 


KIND  OF  PIPF« 
Iron 

4< 
II 

Wyckoff 

II 

II 

II 

Pump  Log 

Wyckofl 

Pump  Log 

Wyckofl 

<i 

II 

II 

II 

Pomp  Log 

Wyckofl. 

II 

Iron 

Wyckofl 

Iron 

Wyckofl. 

II 

Pump  Log 

Iron 

Wyckofl 

Pump  Log 

Iron 

II 

Wyckofl 

Iron 

II 

Wyckofl 

fi 

II 
Pump  Log 


Size. 
Inch. 


12 

SX) 

20 

8 

e 

12 
8 
6 
8 
4 
6 
8 
8 
6 

12 

12 
6 
8 

12 
8 
8 
4 
8 
8 
6 
8 
8 
6 

20 
6 

12 
8 

12 

12 
8 
4 
6 


DATE. 

May  1 

••     2 

"    19    

June  15  .... 
"     22    .   .. 

July   3 

'•      6  

'•     6 

••      6  

•     13 

'•    19 

"    20. 

"    <I2 

August  8.... 

"       9.... 

**      17.... 

"      21.... 

••      20.... 

September   1 

2 

4 

7 

12 

"         16 

26 

October  20... 

"       26  .. 

*'       80... 

Noyember  7. 

8. 

29. 

January  18... 

March  20 

April  11 

••     12 

May8 

"    9 


CAUSE. 


Joint. 


Split 
Joint. 


II 


ft 


II 


Split 
Joint 


i« 


II 


II 


Split 
Joint 


II 


Split 
Joint 


II 


II 


fi 


II 


II 
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The  total  number  was  87  against  55  the  previous  year, 
and  48  the  year  before  that. 

The  total  length  of  water  mains  now  laid  is  24.88  miles ; 
number  of  fire  hydrants,  260 ;  number  of  valves,  158. 


Respectfully  submitted, 


A.  C.  SEKELL, 

Superintendent 


COLLECTOR'S  REPORT. 


Office  of  Board  of  Public  Works,  ) 
Grand  Rapids,  May  1,  1888.        J 

To  the  Honorable  Board  of  Public  Works: 

Gentlemen: — I  respectfully  present  the  following  report 
for  the  year  ending  April  80,  1888 : 

The  number  of  services  on  the  1st  of  May,  1882,  for 

which  permits  were  issued  were 1,022 

Taps  granted  without  permits 25 

Private  mains  connected  with  works 23 

Total * 1,070 

Number  of  services  put  in  the  past  year  for  which  per- 
mits were  issued 95 

Private  mains  connected  with  works 6 

Total  number  of  connections  on  May  1,  1883 1,171 

Number  of  services  now  cut  off 114 

Number  of  services  now  open 1,057 

The  receipts  at  this  office  for  the  year  have  been  as  fol- 
lows : 

Prom  water  rates $19,758  16 

From  water  permits 589  75 

Total  income  from  water  works $20,347  91 
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There  has  also  been  received  from  labor  and  sale 

of  material 

From  sewer  permits 

From  contractors'  forfeits  on  bids 


564  66 

120  00 

2000 


Total  receipts  for  the  year $21,052  57 

Cash  on  hand  May  1,  1882 388  61 


$21,486  18 


Deposits  have  been  made  with  the  City  Treasurer  during 
the  year  as  follows : 

To  the  credit  of  water  works  income  fund $20,854  14 

To  the  credit  of  water  works  fund 664  66 

To  the  credit  of  general  fund 20  00 

To  the  credit  of  Ist  district  sewer  fund 85  50 

To  the  credit  of  2d  district  sewer  fund 84  50 


Total  deposits  during  the  year $21,058  80 

Cash  on  hand  to  balance 877  88 


$21,486  18 


Receipts  from  May  1,  1874,  the  commencement  of  collec- 
tions, to  May  1,  1882 : 

From  water  rates $  94,705  16 

From  water  permits 5,591  28 

From  sewer  permits 529  50 

From  various  sources  (as  per  past  reports) 1,366  79 


Total $102,192  67 

Receipts  for  the  past  year 21,052  57 


Total  receipts  to  date. $128,245  24 
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• 

Deposits  made  from  May  1,  1874,  to  May  1,  1882 : 

To  the  credit  of  water  works  income  fund $100,780  28 

To  the  credit  of  water  works  fund 861  28 

To  the  credit  of  1st  district  sewer  fund 261  00 

To  the  credit  of  2d  district  sewer  fund  79  50 

To  the  credit  of  contingent  fund. 40  00 

To  the  credit  of  Jackson  street  grading  fund. . . .  277  00 

To  the  credit  of  general  fund 10  00 

Total $101,809  06 

Deposits  made  the  past  year 21,058  80 

Cash  on  hand  to  balance 877  88 

Total $128,245  24 


STATEMENT  OF  EXPENDITURES. 

May  1,  1882,  to  May  1,  1888. 


CONSTRUCTION  OF  WATER  WORKb^. 

1. — Pipe  System. 

Main  under  river $       598  84 

Miscellaneous    1,342  86 

§"    1,940  70 
2. — Meters. 

New  meters  and  setting $    1,249  91 

Total  paid  on  construction $    8,190  61 

Paid  previous  to  May  1, 1882 448,819  21 

Cost  of  works  to  date $446,509  82 
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MAINTENANCE  AND  OPERATION  OF  WATER 

WORKS, 

1 — Pumping. 

Salary  Engineer $  1,200  00 

''      Assistant  Engineer 900  00 

**      First  fireman 600  00 

**      Second  fireman 600  00 

''      Third  fireman 547  50 

Fuel 8,304  92 

Repairs  to  Pumping  machinery 21  50 

Boilers 88  90 

Boiler  arches 192  38 

"          Engine  house 40  95 

Supplies  (oil,  packing,  etc) 408  89 

$  7,894  49 
2.— Office  and  Collecting. 

Salary,  Collector $  750  00 

Assistant  Collector 420  00 

Stamps  and  stationery 18  50 

%  1,188  50 

8.— Superintendence  and  Repairs. 

Salary  Superintendent ?  80000 

Foreman  of  repairs 720  00 


ti 


%    1,020  00 
1. — Iron  Pipe. 

Labor $         67  00 

2. — Wyckofp  Pipe. 

Labor $842  29 

Material 216  01 

668  80 
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Amount  forward 

$1,645  80 

8.— Pump  Logs. 

Labor 

$  71  62 

Material . . . 

24  08 

95  60 

4.— Supply  Pipe. 

Labor 

$284  25 

Material . .  -. 

10  26 

244  51 

5. — ^Vat.ves, 

Labor 

$226  61 

Material. . . 

10  95 

237  5fi 

6.— Hydrants. 

Jj*J§      U\J 

Labor 

$200  86 

Material . . . 

:    160  38 

8fi1   9,4. 

• 

7.— Meters. 

1 

tJXjX      Xl% 

Labor 

$280  81 

Material . . . 

85  28 

866  09 

8. — Reservoir. 

Labor 

43  45 

9. — SettiiTng  Basin. 

Labor 

52  80 

• 

10.— Supply  Creeks. 

Salary  watc 

shman 

208  00 

20  ANNUAL  REPORT, 

Amount  forward $3/249  55 

11. — Service  Connections. 

Labor $  87  98 

Material 476  07 

564  05 

12. — Miscellaneous. 

Tools $  82  98 

Blowing  off 18  75 

96  68 

$    8,910  28 
EECAPITULATION. 

Pumping $    7,894  49 

Office  and  collecting- 1,188  60 

Superintendence  and  repairs 3,910  28 

Total  paid  for* maintenance  and  operation.. $  12,988  27 
Paid  previous  to  May  1,  1882 75,081  06 

Total  paid  to  date $  88,069  83 

Income  for  the  year 20,347  91 

Cost  of  maintenance  and  operation 12,988  27 

Excess  of  receipts  over  expenditures $    7,369  64 

Respectfully  submitted, 

FRED  A.  TWAMLEY, 

Collector, 
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ENGINEER'S  REPORT. 


Grand  Rapids,  May  1,  1888. 

To  the  Honorable  Board  of  Public  Works  : 

Gentlemen:— I  have  the  honor  to  submit  herewith  my 
annual  report  of  the  work  done  by  the  pumping  engines  for 
the  year  ending  April  SO,  1888. 

The  machinery  has  been  running  on  864  days,  or  a  total 
of  4,058  hours.  The  engines  and  boilers  are  in  good  repair, 
and  working  in  a  satisfactory  manner. 

• 

The  following  table  shows  the  number  of  days  run  for 
each  month,  the  number  of  revolutions  made,  gallons  of 
water  pumped,  and  amount  of  wood  burned.  The  estimated 
quantity  of  water  pumped  per  revolution  is  100  gallons : 


MONTH. 


May 

June 

July 

AagOBt ... 

September 

October.... 

November. 

December. 

January. .. 

February.. 

Marob 

AprU 

Total 


Days 
Pampd 


31 
SO 
31 
31 
30 
31 
30 
31 
31 
28 
31 
30 


365 


Time  Bun. 


No.  of  Bey- 
olatlona. 


H.      M. 

310-20 
353—25 
402—40 
309—00 
350—20 
201—05 
264—50 
828-40 
381-10 
350-55 
372-55 
322-45 


353^425 
412,072 
450.387 
367,155 
402,110 
338,111 
311,965 
383,979 
452.833 
405,100 
428,356 
374.433 


4.058-5 


4,688.926 


Oal'B  Water 
Pumped. 


35,342,500 
41,207,200 
45,938,700 
36,715,500 
40,211,000 
33.811,100 
31,190,500 
38,397,900 
45,283.300 
40,51(J.OOO 
42,835,600 
37.443.300 


468,802,600 


Cords  iCost  of 
of  wood   Wood 
Used.     Used. 


154 
155 
166 
155 
162 
135 
129 
144 
160 

in 

180 
152 


1,881 


•254  10 
255  75 
273  90 
255  75 
267  30 
222  75 
212  85 
287  60 
278  85 
282  15 
311  85 
250  65 


•3103  65 
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Total  cost  of  raising  one  million  gallons  into  reservoir, 
$16.71  9-10. 

Oost  of  pumping  one  million  gallons  100  feet  high . . .  $11  14 
Cost  of  fuel  to  raise  one  million  gallons  into  reservoir  6  61 
Cost  of  fuel  to  raise  one  million  gallons  100  feet 4  40 

The  running  expenses  for  the  year  have  been : 

Engineer  salaries $2,100  00 

Firemen  salaries 1,747  50 

Fuel 3,673  04 


Total $7,520  54 

Repairs  Supplies. 

Leonard  &  Ellis $118  00  118  00 

S.  G.  Preston. 16  50  16  50 

Fred  Maybury 85  00  85  00 

John  Olson. . . . .' $141  63           141  68 

G.  Crump  &  Son 38  25           38  25 

Bass  Foundry  and  Ma- 
chine Works 23  25  23  25 

E.P.Thayer 49  18  49  18 

L.  I).  Putnam 40  21  40  21 

Shriver,  Weatherly  &  Co . .     29  56           29  56 

E.  G.  Studley 85  22  85  22 

Foster,  Stevens  &  Co 4  31  4  31 

Michigan  Iron  Works. ...      69  31           69  31 

A.  Leitelt 217  64  20  52  238  16 


Total $496  39        $892  14        $    888  53 

New  work,  fixing  boiler  to  bum  coal 552  35 


Total $8,961  42 

Respectfully  submitted, 

DEMETRIUS  TURNER, 

Engineer  Pumping  Machinery. 


CITY  SURVEYOR'S  REPORT, 


City  Surveyor's  Office,         ) 
Grand  Rapids,  Mich.,  May  1,  1888.  ) 

To  the  Honorable  Mayor  and  Common  Council : 

Gentlemen: — I  have  the  honor  to  submit  herewith  the 
annual  report  of  improvements  conducted  by  the  Board  of 
Public  Works  during  the  past  year : 

The  following  tables  show  the  street  improvements  which 
have  been  completed  during  the  year,  the  character  and  cost 
of  each  improvement,  and  also  the  street  improvements  now 
under  contract. 
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SEWERS. 

The  work  of  constructiDg  new  outlets  for  the  East  Fulton 
street  sewer,  and  the  East  Bridge,  Lyon  and  Monroe  streets 
sewers,  mention  of  which  was  made  in  the  report  of  last 
year,  has  not  been  completed. 

During  the  year  the  East  Fulton  street  sewer  was  extended 
from  the  junction  of  East  Fulton  and  Waterloo  streets  to 
the  bank  of  the  river,  ready  for  connectioii  with  the  wrought 
iron  pipe  w^hich  is  to  extend  to  the  channel  near  the  middle 
of  the  river.  The  contract  for  the  construction  of  the  iron 
pipe  for  both  outlets  was  awarded  to  A.  Leitelt  August  19, 
1882,  but  owing  to  delays  in  procuring  the  iron  the  season 
for  laying  passed  before  any  of  the  pipe  could  be  manufac- 
tured. There  has  been  expended  for  this  work  $2,698.81  of 
the  original  appropriation  of  $9,000. 

There  remains  to  construct  the  brick  work  for  the  outlet 
of  the  Monroe  and  Pearl  streets  sewers,  and  the  East  Bridge 
and  Lyon  streets  sewers,  and  to  lay  the  iron  pipe  outlets  to 
the  middle  of  the  river. 

The  total  length  of  the  sewerage  system  is  24.862  miles, 
of  which  there  are : 

Brick  sewers 10.529  miles. 

Glazed  pipe  sewers 11.500     ** 

Cement  pipe  sewers 480     " 

Wood  sewers 1.858     " 

Total 24.362  miles. 

The  following  tables  show  the  sewers  completed  during 
the  year,  with  their  location  and  cost,  and  also  the  sewers 
now  under  contract. 
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CRESCENT  PARK. 

A  contract  for  constructing  a  stone  stairway  was  awarded 
April  28  to  Alexander  Matheson  for  $1,606.60. 

IRON  BRIDGES. 

A  contract  for  the  construction  of  an  iron  bridge  across 
the  river  at  Bridge  street  was  awarded  February  14, 1883,  to 
the  Morse  Bridge  Company  of  Youngstown,  Ohio,  for  the 
sum  of  $21,800. 

This  bridge  will  have  an  extreme  length  of  664  feet,  a  clear 
width  of  roadway  of  22  feet,  and  sidewalks  each  8  feet  wide. 
The  bridge  will  be  proportioned  to  cany  a  rolling  load  of 
2,500  pounds  per  linear  foot  with  maximum  strains  in  accord- 
ance with  standard  practice. 

The  short  span  which  connects  the  above  mentioned  work 
with  the  east  bank  of  the  river,  mention  of  which  was 
made  in  the  report  of  last  year,  has  been  completed  at  a  cost 
of  $1,642.24.  This  span  is  39  feet  long,  and  was  built  by 
the  Wrought  Iron  Bridge  Company  of  Canton,  Ohio. 

The  following  is  the  cost  of  the  several  improvements 
which  have  been  brought  to  completion  during  the  year : 

Street  improvements $22,870  78 

Sewerage 9,929  70 

Bridge  span,  abutment  and  approach 5,460  50 

Total .' $38,260  98 

Respectfully  submitted, 

A.  C.  SEKELL, 

City  Surveyor. 
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INVENTORTRR  MAY  1,  1883. 

Pipe,  etc.,  at  pumping  station : 

16  pieces  4  inch,  12  ft.  long 

6   6-inch*sleeves, 

20      ''     6     ^'     12       * 

13    8-inch       ** 

5      *       8     *'     12      * 

, 

1  lO-inch       '^ 

6      ''    10     ''     12       ' 

2 14-inch       '* 

31      *'    12     **     12       ' 

2 16-inch       '' 

1      '*    14     ''     12      ' 

2  20- inch 

5      '*    16     **     12      ' 

1  reducer  hub  ends  16  to  12. 

7       **    20     **     12       * 

1  Lot  of  16-inch  Wyckoflf 

1      '*    20     *'       2^     ' 

pipe,  about  400  feet. 

1      **    20     *'       6^     ' 

1  Lot  of  old  Wyckoff  pipe, 

2      ''    20     •*     10       * 

small  size. 

1       '*    12     *^       8       ' 

1  20-inch  flange  valve. 

4      •*    12     **       6       ' 

1  Three  way,  12x12x6. 

5      *'    12     **     11       * 

1     "        "     12x12x4. 

4      **    12     *'       4       ' 

1     ''       "     10x10x6. 

3      **    12     **       3       * 

# 

1     '*        "      4x  4x4. 

2      *'    12     ^*       2       ^ 

10  Valve-box  covers  (com- 

1      •*    10     '*       2^     ' 

plete). 

5      **      8     **       6       * 

2  Valve-box  covers  (incom- 

1      "      8     *'       4       ' 

plete). 

6      **     6     *'       9      ' 

4  Ludlow  hydrants  (old). 

6      '*     6     '*       3       ' 

1  4-inch  hydrant  base. 

5      '*     6     "       2      * 

1  Hydrant  base  plate. 

2      "      6     "       1       * 

1 12-inch  plug. 

2  New  hydrants. 

10  6-in.  pump  log  thimbles. 

1 4-inch  plug. 

1  Lot  old  iron. 

6   4-inch  sleeves. 

1  Two-wheel  derrick. 

Stock  and  tools  at  repair  shop : 

4  New  valves  for  Mathew 

7  8-inch  valve  stems  with 

hydrants. 

head. 

2  Iron  stems  for  Lowry  hy- 

3 10-inch  valve  stems  with 

drants. 

head. 
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8  Stand-pipes  for   Lowry 

1  12-inch  valve  stem  with 

hydrants. 

head. 

10  Brass  stems  for  Lowry 

1  14-inch  valve  stem  with 

hydrants. 

head. 

10  Rubber  valves  for  Lowry 

1  16-inch  valve  stem  with 

hydrants. 

head. 

3  Castings  for  Lowry  hy- 

6 Heads  for  valve  stems. 

drant  valves. 

1  Valve  box  cover. 

7  Calking  irons. 

60  Feet  of  1^-inch  rope. 

2  Cut-oflF  saws. 

40    **         1      **        ** 

1  Rip  saw. 

13  Thimbles    for    Wyckoff 

1  Cross-cut  saw. 

pipe. 

1  Compass  saw. 

4  Bolts  for  hydrant  exten- 

9 

2  Pipe  cutters. 

sions. 

1  Cutter  stock  and  4  dies. 

1  Bundle  shingles. 

5  Taps. 

20  Lbs.  solder. 

3  Crowbars. 

50  Lbs.  lead. 

1  Claw  hammer. 

10  Lbs.  nails. 

2  Sledge  hammers. 

1  Bushel  charcoal. 

12  Files. 

5  Gallons  coal  tar  varnish. 

2  Ice  picks. 

47  Iron  bands  with  bolts. 

5  Castings  for  Lowry  hy- 

24 J-inch  corporation  stops 

drants. 

for  wood  pipe. 

1  Brass  value  for  Lowry 

41  f-inch  corporation  stops 

hydrant. 

for  wood  pipe. 

2  Lbs.  springs  for  Lowry 

43  |-inch  corporation  stops 

hydrant  drips. 

for  wood  pipe. 

2  Glands. 

57  J-inch  corporation  stops 

1  4-inch  valve  stem   with 

for  iron  pipe. 

head. 

34  f -inch  corporation  stops 

4  4-inch  valve  stems  with 

for  iron  pipe. 

head. 

86  f-inch  corporation  stops 

5  6-inch  valve  stems  with 

for  iron  pipe. 

head. 

2  Braces. 

10  1-inch  corporation  stops 

6  Tapping  drills. 

for  iron  pipes. 

19  Tapping  Augers. 

NEW   METERS. 

1  Extension  bit. 

3  Ball  &  Fitts,  Rotary. 

1  Drilling  ratchet. 

32 
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OLD   METRES. 

7  Ball  &  Fitts,  Piston. 
16    **  *'      Eotary. 

1  Worthington. 

2  Oil  cans. 
6  Lanterns. 

1  Pair  dividers. 
25  Shovels. 

8  Picks. 

1  Large  clamp. 

2  Small  drill  clamps. 

1  Bench  vice. 
6  Pails. 

2  Large  valve  wrenches. 

1  Lowry  hydrant  wrench. 

2  Post  hydrant  wrenches. 
4  Cut-oflF  street  keys. 

2  Hvdrant  heads. 
2  Pair  rubber  boots. 

2  Screw  drivers. 
1  Hatchet. 

1  Jack  plane. 

3  Pumps. 

1  Light  derrick. 
8  Pulleys; 

2  Small  brushes. 

1  Maul. 

2  Wrenches. 

1  Scraper. 

2  Saw  benches. 
34  Stop-cock  boxes. 

2  Pipe  wrenches. 
1  Brest  drill. 


1  Large  monkey  wrench. 

2  Small 

2  S.  wrenches. 
1  Steamer. 

6  Wheelbarrows. 
1  Saw  set. 

3  Cold  chisels. 

1  Wood  chisel. 
3  Punches. 

2  Calking  hammers. 

1  Machinist's  hammer. 
1  Testing  pump. 

1  Fire  pot. 

2  Baskets. 

36  Feet  tape  line. 

1  Snow  shovel. 
40  Screws  for  lowering  pipe. 

1  Pair  hose  couplings. 

1  10-inch  Eddy  valve. 

2  6-inch  valves. 

9  Iron  valve  boxes. 
100  Lbs.  sheet  lead. 
2  Gasket  irons. 
Lot  old  iron. 
**  rubber. 
**  hose. 

**  iron  pipe  fittings. 
Lot  old  bolts  and  nuts, 
rubber  packing, 
hoop  iron, 
gasket  yam. 
Stove  and  pipe. 
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Stock  and  tools  at  Pump  House : 


148  Cords  slabs. 

25  Gallons  Valvoline  oil. 

30       "       Machine  oil. 


3  Spirt  oil  cans. 
1  Match  safe. 
10  Drip  oil  pans. 
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1 J  Gallons  Castor  oil. 

1  Brick  trowel. 

300  Lbs.  boiler  compound. 

4  Yards  canvas. 

i  Set  pump  valves  for  new 

1  Vise. 

engine. 

2  Water  pails. 

50  Feet  of  1^-inch  hose  and 

1  Step  ladder. 

nozzle. 

2  Long     *' 

24  Feet  of  steam  hose  and 

1  Short     ** 

couplings. 

6  Chairs. 

10  Brooms. 

1  Dust  pan. 

3  Mops. 

3  Hand  lamps. 

2  Lanterns. 

5  Wall       '' 

1  Boiler  scraper. 

1  Brass  oil  pan. 

1  4-inch  steam  flue  blower. 

1  l:}-inch  auger. 

4  Long  boiler  scrapers. 

4  Small  bits. 

2  Long  valve  wrenches. 

1  Packing  hook. 

4  Common  wrenches. 

6  Cold  chisels. 

1  Long  socket  wrench. 

'3  Files. 

1  Short      " 

1  Steam  gauge. 

12  Spanners. 

4  Glass  tubes  for  air  cham- 

2 Large  monkey  wrenches. 

ber. 

4  Small 

1  Glass  tube  for  boiler. 

2  Door  mats. 

3  2J^-inch  old  globe  valves. 

2  Scoop  shovels. 

2  2-inch     '*       '' 

1  Long-handle  shovel. 

2  1i-inch    **       '* 

1  Common  hoe. 

3  1-inch      ''       '' 

1  Hand  saw. 

2f.inch     ''       ** 

1  Garden  rake. 

1  1-iiich  check  valve. 

1  2^-inch  hose  nozzle. 

1  If  inch    '' 

1    finch     '* 

2f-inch      '' 

1  Bit  stock. 

I  2f  inch  brass  coupling. 

22  Feet  of  2f  inch  gas  pipe. 

1  f-inch  iron  coupling. 

8    ''          ^-inch    **       '' 

2  2-inch     '' 

16     **         1^-iuch    **       " 

13-inch     *' 

14     '''       If. inch    **       '* 

2  1-inch  plugs. 

13    **         2f-inch    **       *' 

7  2f  inch  flanges. 

1  Five  gallon  oil  can. 

3  2f  inch  tees. 

2  Two  gallon   **      ** 

1 12-feet  eye  bolt. 

1  One  gallon    '*     '' 

1  Lot  of  bolts. 
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2  One  quart    oil  can 

2  One  pint       *'     '* 

Furniture,  etc.,  in  ofl&ce 

1  Safe. 

1  Counter. 

1  Stove. 

1  Desk. 

1  Telephone. 

1  Standing  desk. 

3  Tables. 
16  Chairs. 

1  Letter  press  and  stand. 


1  Stock  and  die. 
50  Lbs.  waste. 


1  Stool. 

1  Map  of  water  mains. 

1  Portfolio  water  maps. 

2  Cases  of  stationery. 

1  Case  reports. 
4  Cuspidores. 

2  Waste  baskets. 
1  Water  crock. 
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OF  THE  WATER  WORKS, 
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OFFICERS: 

H.  A.  COLLAR.  City  Surveyor. 

FRED  A.  TWAMLEY,  cierk  and  Collector. 

THOS.  J.  WILLARD,  Assistant  Collector. 

DEMETRIUS  TURNER,  Ist  Engineer  at  Pumping  Works. 

GEORGE  E.  KIRK,  2d  Engineer  at  Pumping  Works. 

8.  M.  BARROWS,  GEORGE  H.  BARROWS  and  MYRON 

GATES,  Firemen. 
JOHN  VAN  AMBERG,  Foreman  of  Repairs. 
JOHN  DOYLE,  Watchman. 


REPORT  OF  THE  BOARD. 


To  the  Honorable  the  Mayor  ami  Common  Council  of  the  City 
of  Orand  Rapids  j 

Gentlemen  : — The  Board  of  Public  Works  have  the  honor 
to  submit  their  report  for  the  fiscal  year  ending  April  80, 
1884,  together  with  the  report  of  the  City  Surveyor,  the 
Collector  of  Water  Bates  and  of  the  Engineer  in  charge  of 
the  Pumping  Works.  Your  attention  is  invited  to  these  sev- 
eral reports.  That  of  the  City  Surveyor  will  show  the  ex- 
tent and  character  of  the  street  improvements  made,  and  of 
all  sewers  constructed  during  the  past  year,  and  of  other 
important  public  work  carried  on  under  the  direction  of  the 
Board. 

The  report  of  the  Collector  of  Water  Bates  presents  a 
statement  of  all  receipts  and  disbursements  in  connection 
with  the  Water  Works.  That  of  the  Engineer  of  the  Pump- 
ing House  shows  the  amount  of  water  supplied  to  the  city, 
the  amount,  kind  and  cost  of  the  fuel  consumed,  and  the 
expense  of  the  Pumping  Works  for  the  year. 

The  gross  receipts  from  the  Water  Works  for  the  year 
have  been  $24,136  5^  against  $20,347.91  for  the  previous 
year.  The  repairs  and  operating  expenses  for  the  present 
year  have  been  $16,873.64  against  $12,988.27  for  last  year. 
Net  earnings  for  the  year  $7,762.75  against  $7,359.64  for 
preceding  year.  The  considerable  increase  in  repairs  and 
operating  expenses  for  the  past  year  consists  largely  in  a  re- 
construction of  the  fire  arches  under  the  boilers,  together 
with  repairs  and  reconstruction  about  outlet  of  one  of  the 
supply  creeks. 
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Since  the  report  last  submitted  new  stone  piers  for  an  iron 
bridge  across  the  river  at  Bridge  Street  have  been  built,  and 
it  is  expected  that  within  a  few  weeks  the  new  bridge  and 
its  approaches  will  be  fully  completed,  and  opened  to  travel. 
The  total  cost  of  the  abutments,  piers  and  bridge,  including 
the  new  iron  span  erected  in  1888,  will  be  about  $35,000. 

Some  preliminary  work  has  been  done  looking  to  the 
building,  during  the  present  season,  of  abutments  and  piers 
for  a  new  iron  bridge  to  span  the  river  at  Fulton  Street. 

Within  the  past  year  a  new  engine  house  has  been  con- 
structed in  the  Eighth  Ward,  for  the  use  of  the  Fire  Depart- 
ment, at  a  cost  of  (6,668.72. 

The  stone  stairway  in  Crescent  Park  has  been  completed 
since  the  date  of  the  last  annual  report.  All  that  was  looked 
for  in  this  improvement  has  been  attained,  it  being  attrac- 
tive in  appearance  and  serviceable  in  its  use. 

The  question  of  a  better  and  more  abundant  water  supply 
for  the  city,  although,  as  heretofore  undetermined,  may  be 
reported  as  advancing  somewhat  towards  a  solution.  A 
small  amount  of  money  for  experimental  purposes  having 
been  included  by  the  Council  in  the  last  annual  budget,  the 
Board  have  taken  initiatory  action  looking  to  the  making  of 
some  tests  for  water  the  present  season,  that  it  is  hoped  may 
secure  satisfactory  results. 

The  recent  vote  of  electors  authorizing  the  issue  of  the 
Bonds  of  the  city  to  the  amount  of  $150,000  for  the  purchase 
of  additional  real  estate  and  the  erection  of  a  City  Hall,  will 
bring  to  the  Board  new  cares  and  responsibilities,  but  they 
will  be  cheerfully  undertaken,  hoping  finally  to  be  able  to 
have  our  city  represented  by  a  building  that  will  meet  the 
expectations  of  our  citizens,  so  far  as  it  may  be  possible  to 
do  so  with  the  means  provided  for  the  purpose.  The  pre- 
liminary work,  and  the  careful  consideration  necessary,  be- 
fore the  erection  of  the  building  can  commence,  together 
with  the  numerous  other  demands  made  upon  the  time  and 
attention  of  the  Board,  may  incline  some  of  our  citizens  to 
think  them  dilatory  in  their  action,  but  in  the  absence  of 
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specific  information,  inactivity  on  the  part  of  the  Board 
shonlcl  not  be  assumed.  They  must  be  x>ennitted  to  take 
saeh  time  and  methods  as  it  shall  appear  to  them  the  im- 
portance of  the  work  in  charge  may  demand. 

The  total  expenditures  for  the  past  year,  for  all  classes  of 

work  carried  on  under  the  direction  of  the  Board  will  exceed 

$128,000,  being  a  large  increase  over  most  of  the  preceding 

years. 

Bespectfully  submitted, 


GEO.  W.  THATEB, 
WILDEB  D.  STEVENS, 
F.  B.  GILBEBT, 
D.  E.  EMEBY, 
A.  D.  PLUMB, 

Board  of  Public  Works. 


COLLECTOR'S  REPORT. 


Office  of  Board  of  Pubuc  Works,  ) 
Grand  Rapids,  May  1,  1884.         ( 

To  the  Honorable  Board  of  Ptiblic  Works : 

Gentlemen:—!  respectfully  present  the  following  report 
for  the  year  ending  April  30,  1884 : 

The  number  of  services  on  the  Ist  of  May,  1888,  for 

which  permits  were  issued  were 1,117 

Taps  granted  without  permits 25 

Private  mains  connected  with  works 29 

Total 1,171 

Number  of  services  put  in   the  past   year  for  which 
permits  were  issued 180 

Private  mains  connected  with  works 6 

•  

Total  number  of  connections  on  May  1, 1884 1,807 

Number  of  services  now  cut  off 181 

Number  of  services  now  open 1,176 

The  receipts  at  this  office  for  the  year  have  been  as  fol- 
lows: 

From  water  rates,  'fines,  etc $28,837.84 

From  water  permits 799.26 

Total  income  from  water  works 24,636.59 
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There  has  also  been  received  from  labor  aad  sale 

of  material 267  46 

From  sewer  permits 248  00 

From  contractors'  forfeits  on  bids  and  finea. 140  00 

Total  receipts  for  the  year $26,287  05 

Cash  on  hand  May  1,  1883 877  88 

$25,664  48 

Deposits  have  been  made  with  the  City  Treasorer  daring 
the  year  as  follows  :^ 

To  the  credit  of  water  works  income  fund 24,512  70 

To  the  credit  of  water  works  fund 267  46 

To  the  credit  of  general  fund 40  00 

To  the  credit  of  Ist  district  sewer  fund 180  00 

To  the  credit  of  2d  district  sewer  f and 68  00 

To  the  credit  of  South  Division  street  sewer  fund       100  00 

Total  deposits  during  the  year $25,168  16 

Cash  on  band  to  balance 501  27 

125.664  43 

Receipts  from  May  1, 1874,  the  commencement  of  collec- 
tions, to  May  1,  1888 :  • 

From  water  rates $114,468  81 

From  water  permits . .  .^ 6,180  98 

From  sewer  permits 649  50 

From  various  sources  (as  per  past  reports) 1,951  45 

Total $128,245  24 

Receipts  for  the  past  year 25,287  05 

Total  receipts  to  date $148,582  29 
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Deposits  made  from  May  1, 1874,  to  May  1, 1888 : 

To  the  credit  of  water  works  income  fond $121,184  42 

To  the  credit  of  water  works  fund 926  94 

To  the  credit  of  1st  district  sewer  fand 846  50 

To  the  credit  of  2d  district  sewer  fund 114  00 

To  the  credit  of  various  funds  (as  per  past  re- 
ports)          847  00 

Total $122,867  86 

Deposits  made  the  past  year 25,168  16 

Gash  on  hand  to  balance 501  27 

Total $148,682  29 


STATEMENT  OP  EXPENDITURES. 


May  1,  1888,  to.May  1,  1884. 


CONSTRUCTION  OF  WATER  WORKS. 

1. — Pipe  System. 
Extensions,  etc $     9,899  78 

■ 

2. — Meters. 

New  meters  and  setting %        481  26 

Total  paid  on  construction $    10,381  04 

Paid  previous  to  May  1, 1888 446,509  82 

Cost  of  works  to  date $456,890  86 
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MAINTENANCE  AND  OPERATION  OF  WATER 

WORKS. 

1. — Pumping. 

Salary  Engineer $  1,200  00 

"      Assistant  Engineer 900  00 

"      First  Fireman. 600  00 

"      Second  Fireman 557  50 

"      ThirdFireman 549  00 

Fuel 4,742  45 

Repairs  to  Pumping  machinery 177  81 

Boilers  and  Arches 1,036  36 

Engine  House 21  76 

Supplies,  (oil,  packing,  etc.) 448  11 

$  10,232  49 

2.— Office  and  Collecting. 

Salary  Collector $  750  00 

''      Assistant  Collector 499  92 

Stamps  and  printing 62  75 

$  1,312  67 

3. — Superintendence  and  Repairs. 

Salary  Superintendent  (3  months) $  75  00 

Foreman  of  Repairs 840  00 


tt 


it 


$       915  00 
I.^Iron  Pipe. 

Labor $142  95 

Material 13  60 

156  55 

2. — Wyckoff  Pipe. 

Labor $529  86 

Material 24  34 

554  20 
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Amounts  forward $13,170  91 

3.— Pump  Logs. 
Labor ' Ill  68 

4. — Valves. 

Labor J209  71 

Material 174  00 


5h— Hydrants. 

Labor $250  64 

Material 216  47 


6.— Meters. 

Labor , $228  84 

Material 66  51 


9. — Supply  Greeks. 

Labor $805  47 

Salary  Watchman 334  75 


383  71 


467  11 


295  35 


7. — Reservoir. 
Labor 60  62 

8. — Settling  Basin. 

Labor $27  00 

Material 25  72 


52  72 


i 


640  22 
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Amounts  forward .^ $15,182  82 

10. — Service  Connections. 

Labor $180  86 

Material 759  75 

940  60 

11. — Miscellaneous. 

Tools $198  80 

Blowing  off 21  26 

Horse  and  Wagon 427  87 

Shop 108  30 

750  72 

$    5,828  48 
RECAPITULATION. 

Pumping $  10,232  49 

OflBce  and  collecting 1.812  67 

Superintendence  and  repairs 5,328  48 

Total  paid  for  maintenance  and  operation,  $  16  873  64 
Paid  provious  to  M&,y  1,  1883 $  88,069  38 

Total  paid  to  date $104,942  97 

Income  for  the  year 24.636  59 

Cost  of  maintenance  and  operation 16,873  64 

Excess  of  receipts  over  expenditures $      7,762  95 

Meters. 

Twenty  meters  have  been  added  during  the  year,  the  to- 
tal number  now  owned  by  the  city  being  375,  of  which  there 
are  set  and  in  operation  338  of  the  following  manufactures : 

Ball  &  Fitts  Rotary 197 

Worthington 7 

Crown 67 

Ball  &  Fitts  Piston : . .  67 
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There  are  in  the  repair  shop  as  follows : 

Bail  &  FittB  Rotary .21 

WorthingtooQ 1 

Crown 4 

Ball  &  PittB,  Piston 11 

Total •     87 

There  is  in  use  one  Undine,  which  is  running  on  trial. 
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LEAKS  ON  DISTRIBUTION  MAINS. 

The  following  table  shows  the  number,  cause  and  location 
of  the  various  leaks  on  the  mains  during  the  year : 


NAM£  OF  STBEET. 


Louis 

Bronson 

Fountalu   

Oampaa  alley 

EastFultOB 

Scribner 

Roribner 

Bronson 

South  Ionia 

Fulton  

Barolay 

South  Division... 

North  Canal 

North  Division... 

Soribner. 

North  Canal 

Campau  Allay.... 

North  Canal 

North  Canal 

North  Canal 

Soribner 

Broadway 

Scribner 

West  Bridge 

Soribner 

Bouf^  Pront 

North  Canal 

East  Fulton 

Fountain 

Fountain 

Lover  River  Pipe. 
Supply  Pipe , 


Kind  of  Pipe 


In. 


Wyckoflf. . . 
Pump  Log. 

Wyckoff. . . 
II 


Pump  Log. 
Wyckoff. . . 

Pump  Log 
Wyckoff. . 


i< 


i< 


«i 


«< 


fi 


•I 


It 


Pump  Log. 
II 


Iron 
« 


6 
6 
4 

10 
8 
8 
6 
6 

10 
4 

12 
8 

to 

8 

8 

4 

8 

8 

8 

8 

19 

8 

12 

6 

6 

16 

10 

6 

6 

12 

20 


Mouth 


May. 


June. 


<> 


July. 


II 


•I 


Day 


8 
9 
25 
5 
11 
14 
15 
10 
II 
13 
17 
18 
19 
20 
27 


Cause. 


Joint 


Split 


Joint 


Knot  hole. 

Holes. 

Joint 


•I 


f< 


II 


II 

31 

.\ugust 

2 

fl 

8 

<• 

13 

II 

15 

II 

17 

il 

20 

<• 

23 

•1 

24 

<l 

27 

•  1 

29 

(f 

30 

September. 

17 

II 

25 

11 

29 

October.... 

1 

II 

4 

Spongy. 
Taken  out 
Knot  hole. 
Joint 


«i 


II 


«i 


Knot  hole. 
Joint 
Knot  hole. 
Joint 


fl 


Taken  out 
Joint 


(I 


II 
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LEAKS  ON  DISTRIBUTION  MAINS— Con«int(«d. 


NAME  OF  6TBEET. 


Mftflon 

Fonntain 

Bronaon 

Broadway , 

Wealthy  aventie  . 
Paris  avenue.... 
Sbawmat  aTenne. 

Ottawa 

Scrlbner 

Wealthy  avenue. . 

Lyon 

JefferBon  avenne. 

Fountain 

Barclay 

Cherr^ 

South  Division... 

Bronaon . 

BansooL...., , 

Wealthy  avenue. . , 

South  Ionia. 

Quimby , 

North  Canal 

Livingston , 


Kind  of  Pipe 


Wyokor... 
Pump  Log. 


<» 


Wyckofl.. 
Iron , 


II 


Wyckofl. 


II 


Iron , 

Wyckofl. 


•I 


Pump  Log 
Wyckofl... 
Iron 


In. 


II 


Pnmplx>g, 
Iron 


11 


II 


Wyckofl 


16 
6 
6 

\% 
8 
6 
6 

16 
8 

10 

14 
6 
6 

14 
6 

la 

6 

2 

16 

6 

6 

16 

14 


Month 

Day 
5 

October.... 

11 

.... 

29 

November. 

6 

•1 

8 

II 

10 

December.. 

1 

II 

11 

II 

13 

II 

96 

Cause 


Joint. 
In  plug. 
Split. 
Joint 


II 


In  plug. 
Joint 


January... 

II 

. . . 

February.. 


March.. 
II 


II 


▲priL, 


II 


II 


If 


ii 


28 
16 
16 
18 
19 
26 
17 
28 
31 
3 
4 
10 
16 
27 


Taken  out 

Joint 

In  plug. 

SpUt 

Joint 

Split 

Joint. 


II 


II 


II 


II 


The  total  number  was  55  agaiilst  87  the  previous  year  and 
65  the  year  before  that. 

The  total  length  of  water  mains  now  laid  is  26.35  miles ; 
number  of  fire  hydrants,  275 ;  number  of  valves,  168. 

Respectfully  submitted, 

FRED  A.  TWAMLEY, 

Collector. 


ENGINEER'S   REPORT. 


To  the  Honorable  the  Board  of  Public  Works  of  the  City  of 
Grand  Rapids: 

Gentlemen  :— I  have  the  honor  to  submit  herewith  my 
annual  report  of  the  work  done  by  the  pumping  engines  for 
the  year  ending  April  30,  1884.  And  in  doing  so  it  gives  me 
much  pleasure  to  say  that  the  engines  have  performed  their 
work  remarkably  well,  and  with  but  little  or  no  repairs,  and 
if  no  accident  befalls  them  I  think  it  is  fair  to  presume  that 
another  year  will  pass  with  a  record  equally  as  good  as  this. 

The  average  daily  consumption  for  the  year  has  been  1,- 
533,781  gallons  against  an  average  the  previous  year  of  1,- 
224,366  gallons. 

Total  cost  to  raise  one  million  gallons  of  water  into 
reservoir,  $15.95  1-10. 

Total  cost  of  fuel  to  raise  one  million  gallons  of  water  into 
reservoir,  $7.98  4-100. 

Total  cost  to  raise  one  million  gallons  one  foot  high 
$0.10  22-100. 

Total  cost  of  fuel  to  raise  one  million  gallons  one  foot 
high,  $0.06  ll-lOO! 
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The  following  table  shows  the  number  of  days  ran  for  each 
month,  the  number  of  revolutions  made,  gallons  of  water 
pumped,  amount  of  wood  and  coal  burned  and  cost  of  the 
same: 
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The  running  expenses  for  the  year  haye  been 

Repairs        Supplies  Total. 

George  W.  Thayer $  54  45  54  45 

L.  D.  Putnam 11  15  11  15 

Foster,  Stevens  &  Co 45  95  45  95 

Shriver,  Weatherly  &  Co 3  93  3  98 

E.  G.  Studley 40  81  40  81 

Leonard  &  Ellis 138  90  138  90 

Robinson,  Letellier  &  Co. . . $21  76  21  76 

Fred  Maybury 35  00  35  00 

Michigan  Iron  Works 52  31  52  13 

C.  A.  Lathren 131  65  131  65 

A.  Leitelt  &  Co 47  87           1  97  49  84 

Total $263  59     $332  16  $585  76 

Engineers'  salaries $2,100  00 

Firemens*  salaries 1,706  60 

Fuel  bought 4,649  84 

Total $9,041  09 

Respectfully  submitted, 

DEMETRIUS  TURNER, 

Engineer. 


CITY  SURVEYOR'S  REPORT. 


City  Surveyor's  Office.         ) 
Grand  Bapids,  Mich.,  May  1, 1884.  \ 

To  the  Honorable  Mayor  and  Common  Council: 

Gentlemen: — I  have  the  honor  to  submit  herewith  the 
annual  report  of  public  improvements  conducted  by  the 
Board  of  Public  Works  during  the  past  year. 

The  following  tables  show  the  number,  manner  and  cost 
of  the  street  improvements  which  have  been  completed  dur- 
ing the  year,  also  the  street  improvements  now  under  con- 
tract. 
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STREET  AT  THE  RESERVOIR. 

It  was  decided  by  the  Board  to  take  such  steps  as  would  in- 
sure perfect  protection  to  the  force  main,  leading  to  the  reser- 
voir in  Mason  street,  (the  scene  of  the  washout  which  occurred 
September  2,  1880,)  by  extending  Clinton  street  from  the 
south  line  of  the  reservoir  ground  on  said  last  mentioned 
street,  across  said  ground  to  Livingston  street  north  of  the 
reservoir. 

The  improvement  consisted  of  grading,  graveling  and  pav- 
ing the  gutters  of  the  street.  To  avoid  making  too  deep  a 
cut  through  the  high  ground  at  the  point  nearest  the  reser- 
voir, the  grade  established  was  such  as  to  convey  the  water 
from  the  center  toward  each  end  of  the  improvement.  At 
its'^junction  with  Ulinton  street  catch  basins  were  construct- 
ed and  connected  with  a  12-inch  tile  sewer  laid  in  the  street, 
from  this  point  to  the  deep  excavation  m  Livingston  street, 
at  the  northern  end  of  the  improvement. 

All  the  material  excavated  was  deposited  in  Mason  street, 
where  the  wash-out  occurred. 

As  a  further  protection  in  the  event  of  the  sewer  becoming 
in-operative,  the  sidewalk  on  the  west  side  around  to  the 
summit  of  the  grade,  was  kept  above  the  highest  point  in  the 
street,  forming  a  dam  against  the  flow  of  storm  water  down 
Mason  street,  to  the  further  injury  of  the  main. 

SEWERS. 

The  extension  of  the  Fulton  and  Washington  street  sewer 
west  to  the  river  was  eflFected  prior  to  April  30,  1883,  as 
shown  by  the  report  for  that  year.  During  the  low  stage  of 
the  water  last  summer  this  work  was  completed  by  laying 
the  iron  pipe  for  conveying  the  sewage  into  deep  water  in 
the  channel  of  the  river. 

While  the  water  in  the  river  remained  below  the  outfall 
of  the  sewer,  the  sewage  was  discharged  at  a  point  beyond 
all  danger  of  its  becoming  a  nuisance. 
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Th^e  was  expended  for  the  pipe  and  laying  the  same, 
together  with  some  incidental  work,  $1,237.40. 

The  entire  cost  of  this  work  thus  far  has  been  $3,962.21. 

Plans  for  the  completion  of  this  scheme,  which  is  the  in- 
terception  of  the  sewage  in  the  Monroe,  Pearl  and  Lyon 
street  sewers  have  been  prepared  and  a  contract  for  their 
execution  awarded  to  A.  C.  Sekell  for  the  sum  of  $8,865. 

Adding  to  the  above  the  cost  of  the  iron  pipe  to  be  laid, 
there  will  be  quite  a  balance  to  the  credit  of  the  Fund. 

The  entire  length  of  "the  sewerage  system  is  27.591  mQes, 
as  shown  below : 

Brick  Sewers 11.825  miles. 

Vitrified  Pipe  Sewers 13.933 

Cement     "         "      480 

Wood  '*      1.868 


Total 27.591 


Sewers  Completed  During  the  Year. 


Sewers  completed  during  the  year  and  those  still  undor 
contract  are  shown  by  the  following  tables,  which  also  shows 
their  location,  etc. : 
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BRIDGES. 

The  bridge  contracted  for  with  the  Morse  Bridge  Co.,  of 
Toungstown,  Ohio,  to  be  placed  at  Bridge  street  is  not  yet 
erected. 

It  was  proposed  to  render  the  old  piers  useful  by  length- 
ening them  sufficiently  to  receive  the  new  bridge ;  but  an  in- 
vestigation into  their  condition  revealed  them  unsuitable  for 
this  purpose. 

The  Board  decided  upon  the  erection  of  entirely  new  piers 
of  a  superior  quality  of  material  and  construction. 

Plans  for  regular  coursed  dressed  rubble  masonry  of  bowl- 
der stone,  with  timber  ice-breakers,  were  prepared,  and  the 
contract  for  their  construction  awarded  July  28,  1888,  to 
James  Higgins  for  the  sum  of  $8,225. 

Owing  to  the  continued  high  water  last  season,  and  other 
causes,  this  work  has  not  yet  been  completed. 

ENGINE  HOUSE  NO.  8. 

This  house  is  located  on  the  northeast  corner  of  Jefferson 
and  Veto  streets. 

The  building  is  constructed  after  plans  prepared  by  Wm. 
G.  Robinson,  Architect,  of  this  city. 

The  structure,  while  of  plain  design,  has  red  brick,  cut 
stone  and  galvanized  iron  ornamentation,  to  a  limited  ex- 
tent. 

The  office,  hose  tower,  apparatus  room  and  stable,  with 
their  closets,  complete  the  arrangement  of  the  first  floor. 

The  dormitory  and  bath  rooms  are  upon  the  second  floor 
in  front ;  over  the  stable  is  the  hay-loft. 

A  small  basement  for  fuel  storage  purposes  extends  under 
the  office  and  hose  tower. 

The  contract  for  erecting  the  house  was  awarded  to  H.  E. 
Doren  Sept.  8, 1888.  The  price  for  erecting  the  house  was 
16,176 ;  grading  the  lot  cost  $291.75.     For  the  plank  floor 
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in  the  apparatus  room  and  stable,  hard  brick,  set  edgewise 
in  a  bed  of  concrete,  was  substituted,  the  cost  of  which  was 
$280.97,  making  a  total  expenditure  of  $6,698.72. 

WATER  MAINS. 

In  August,  1888,  a  contract  was  awarded  to  C.  Prauge,  to 
lay  water-mains  at  a  cost  of  $1,997.80. 

The  aim  was  to  so  distribute  the  pipe  as  to  afford  the 
greatest  amount  of  fire  protection  with  the  length  of  mains 
to  be  laid.  The  smallness  of  the  appropriation  did  not  ad- 
mit of  very  great  extension  of  the  pipe  lines. 

For  the  benefit  of,  and  at  the  expense  of  the  parties  inter- 
ested, a  4  inch  main  was  laid  in  Second  avenue.  The 
amount  expended  was  $267.46,  which  is  to  be  refunded  when 
there  is  money  at  hand  for  such  extension.  This  work  was 
done  by  the  city. 

A  main  was  laid  by  J.  B.  Mathewson  in  Bronson  street 
from  Ransom  street  extending  west  into  Crescent  Park : 

Table  showing  location,  etc.,  of  pipe  laid  during  the  past 
year,  together  with  the  number  of  valves  and  hydrants : 


bTREET. 


Canal 

Trowbridge.... 
South  DlYlilon 

Qalmby 

Seward... 

Fonrth 

Paria 

Jeflerson'.... .. 

Bronson 

Becond. 


FBOM 


TO 


East  Bridge. . . . 

Canal 

Fifth  A  venue.  > 

Canal 

Fourth 

Seward 

End  of  Pipe.... 

Blakely 

Bansoxn 

South  DlTlslon 


Trowbridge 

Kent 

Evergreen 

Plainfleld..  

Fifth 

Stocking. 

Wealthy 

Sycamore 

Crescent  Park.... 
West. 


iS£ 


8 
8 
8 
6 
6 
6 
6 
6 
6 
4 


Is 


CD  o       •  ^ 


•5  > 


1167 
305 
637 

1763 
404 

1275 
615 

1085 
499 
350 


4     1 


9 
3 


I 


1 
9 

1 
3  1 
1  .. 
1 
1 
1 


TotaL. 


8083 


15 


The  total  cost  of  the  above  extensions  was  110,108.48. 
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CRESCENT  PARK. 

The  stone  stairway  has  been  completed.  Its  cost  exceed- 
ed the  contract  price  a  small  amount,  on  account  of  some 
changes  in  the  plans  that  were  found  necessary.  The  entire 
cost  of  the  work  was  |1,680.44. 

The  appearance  of  the  stairway  has  been  greatly  improved 
by  the  addition  of  a  hand-rail.  The  rail  and  supports  are 
of  gas-pipe,  plain  and  substantial,  and  a  great  convenience 
to  persons  ascending  the  stairway.  This  addition  was  made 
at  a  cost  of  f  60  by  Bhriver,  Weatherly  &  Co. 

To  provide  the  water  necessary  to  sprinkle  the  Park  and 
supply  the  proposed  fountain,  four-inch  pipes  were  extended 
north  and  south  from  the  Bronson  street  main  in  the  Park,  and 
proper  specials  inserted  for  hydrant  connections.  The  work 
was  done  in  connection  with  laying  the  Bronson  street  pipe. 

The  following  is  the  cost  of  the  improvements  completed 
during  the  year : 

Street  Improvements f  61,748  86. 

Sewerage 28,226  81. 

Water  Mains 10,108  48. 

Engine  House  No.  8 6,698  72. 

Crescent  Park 1,740  44. 

Total $108,617  76. 

Beapectfully  submitted, 

H.  A.  COLLAR, 

City  Surveyor. 


RESIGNATION. 


At  a  meeting  of  the  Board  of  Public  Works,  held  April  26, 
1884,  the  following  communication  was  presented : 

To  the  Board  of  Public  Works: 

Gentlemen  :— After  a  service  of  ten  years  as  Engineer  in 
charge  of  the  Pumping  Works,  I  find  myself,  physically, 
unable  to  longer  perform  the  duties  of  the  position.  I  there- 
fore oifer  my  resignation,  to  take  effect  on  the  first  of  May 
next. 

In  my  judgment,  Mr.  Geo.  E.  Kirk,  my  assistant,  who  has 
so  long  been  associated  with  me,  is  worthy  of  your  consider- 
ation and  favor.  I  know  of  no  person  more  suitable  or  com- 
petent to  be  put  in  charge  of  the  pumping  machinery  than 
he,  and  I  trust  you  may  see  fit  to  reward  him  according  to 
his  merit. 

Silas  and  George  Barrows,  who  have  served  as  firemen 
and  watchmen,  and  assisted  about  the  engines  for  several 
years,  I  have  found  to  be  good  and  faithful  men. 

In  taking  my  official  leave  of  a  Board  that  has,  for  so 
many  years,  annually  named  me  for  the  position;  I  now  pro- 
pose to  surrender,  I  desire  to  express  not  only  my  obligation 
but  also  my  appreciation  of  the  confidence  that  the  Board 
has  shown  in  my  professional  capacity  and  skill.  My  duties 
and  responsibilities  have  been  such,  that  although  my  ac- 
tive service  may  cease,  my  interest  will  remain  where  I  have 
labored  so  long.  If,  at  any  time  in  the  future,  I  can  be  of 
use,  I  desire  the  Board  to  feel  that  it  will  be  to  me  a  pleas- 
ure to  render  any  service  I  can. 
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To  each  of  the  members  of  the  Board  I  have  to  express 
my  thanks  for  the  kind  consideration  they  have  ever  shown 
me.  The  severing  of  my  official  relations  fill  me  with  regret, 
bat  I  shall  take  with  me  only  the  most  pleasant  recollections 
of  you  all.    With  sincere  regard, 

Yours,  faithfully, 

DEMETRIUS  TURNER. 

Grand  Rapids,  April  26,  1884. 


On  motion  of  Mr.  Plumb  the  resignatioti  of  Mr,  Turner 
was  accepted,  and  the  President  was  requested  to  place  Mr. 
Geo.  E.  Kirk,  assistant  engineer,  in  charge  of  the  Pumping 
Works,  until  further  action  of  the  Board  in  relation  thereto. 
Adopted. 

Mr.  Emery  submitted  the  following : 

Whereas,  The  resignation  of  Demetrius  Turner,  Engineer 
in  charge  of  the  Pumping  Works,  offered  in  consequence  of 
impaired  health  and  an  existing  necessity  for  a  release  from 
the  responsible  duties  that  he  has  so  ably  discharged,  with 
credit  to  himself  and  to  the  satisfaction  of  the  Board  of  Pub- 
lic Works  since  its  organization,  therefore,  be  it 

Resolved,  That  in  accepting  the  resignation  of  Mr.  Turner 
this  Board  avail  themselves  of  the  opportunity  presented,  to 
convey  to  him  assurances  of  their  high  appreciation  of  the 
skill  and  fidelity  that  he  has  always  exhibited  in  the  dis- 
cbarge of  the  duties  of  his  position,  and  to  express  to  him 
their  sympathy  in  the  affliction  that  is  upon  him,  and  the 
pleasure  they  will  have  in  the  knowledge  of  his  complete  re- 
storation to  health  and  a  continuation  of  his  life  of  useful- 
ness. 

Resolved,  further.  That  the  letter  of  resignation  presented 
by  Mr.  Turner,-  and  the  action  of  this  Board  in  relation 
thereto,  be  entered  in  the  records  of  its  proceedings,  and 
that  the  President  be  requested  to  communicate  to  Mr. 
Turner  the  action  herein  taken.    Adopted. 
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INVENTORIES,  MAY  1,  1884. 


Pipe,  etc.,  at  Pumping  Station : 


8  pieces,  4  inch,  12  ft.  long. 

14  "  6  "  12  *' 

5  '*  8  "  12  " 

6  "  10  "  12  " 
29  "  12  "  12  " 

1  "  14  "  12  " 

5  "  16  ''  12  " 

6  "  20  "  12  " 
4  "  6  "  1  " 
1  "  6  **  2  ** 
8  "  6  "  3  " 
4  "  6  "  9  " 
1  "  8  "  4  " 
6  "  8  "  10  " 

1  "  10  "  2^  " 

2  "  12  "  2  " 
8  "  12  "  8  " 

4  "  12  "  4  " 

5  "  12  "  11  " 
4  "  12  "  6  " 

1  "  12  "  8  " 

2  "  20  "  10  " 
1  "  20  "  6^  *' 
1  "  20  "  2i  " 

1  Lot  of  16  inch  Wyckoflf 
pipe,  about  400  feet. 


1  Lot    old  Wyckoflf  pipe, 
small  size. 

2  New  Hydrants. 

3  Ludlow  Hydrants. 

1  4  inch  Hydrant  Base. 

1  Hydrant.Base  Plate. 

1 10  inch  Valve. 

16" 

7  Iron  Valve  Boxes. 

1  20  inch  Flange  Valve. 

1  lot  old  Valve  Box  Covers. 
1 12  inch  Plug. 

14" 

2  4  inch  Sleeves. 
16" 

12  8    " 

110    " 

2  14    " 

2  16    " 

2  20    "         ", 

1  Reducer  Hub,  ends  16-12. 

1  Three  Way,  12x12x6. 

1      "        "     12x12x4. 

1  "        "     10x10x6. 

2  "        "       4x  4x4. 
1  Two-wheeled  Derrick. 


Stock  and  Tools  at  Pumping  House : 


200  cords  Hemlock  Slabs. 
40  gallons  Valvoline  Oil. 
20      "      Machine      " 
8  Spirt  Oil  Cans. 
10  Drip  Oil  Pans. 


1  5  gallon  oil  can. 

2  2      "  " 
11" 

1  Match  safe. 

250  lbs.  boiler  compound. 
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^  set  of  pump  valves  for 
south  engine.  • 

50  ft.  1^  in.  hose  and  nozzel 
20  ft.  steam  hose  &  coupling 
6  brooms. 
8  mops. 
8  lanterns. 
5  Boiler  scrapers. 

1  4  in.  steam  flue  blower. 

2  long  valve  wrenches. 
4  common  wrenches. 

1  long  socket  wrench. 

1  short  socket  wrench. 
12  spanners. 

2  large  monkey  wrenches. 
4  small      " 

smes. 

1  steam  guage. 

4  glass  tubes  for  air  cham  b'r 

1  "        "      *'  boiler. 

3  2j  in.  old  globe  valves. 
22 
21, 
81 

2  f 


12? 

1  i 

22 
18 
22 

3  2i 


tt 


n 


i< 


•  < 


tt 


tt 


(i 


(( 


brass  coupling. 


iron 


if 


(( 


tt 


*  plugs. 
'  flanges. 
Tees. 
1  12  foot  eye  bolt. 


tt 


it 


tt 


It 


tt 


1 1 


1  lot  of  old  bolts. 
1  stock  and  dies. 
1  wheelbarrow  scale. 

1  coal  wheelbarrow. 
2,000  lbs.  of  coal. 

2  door  mats. 

2  scoop  shovels. 

1  long  handled  shovel. 

1  hand  saw. 

1  garden  rake. 

1  2^  inch  hoze  nozzel. 

1    i    '* 

22  ft.  of  2;  in.  Gas  Pipe. 

10  ft.  of  U  in. 

14  ft.  of  IJ  in. 

13  ft.  of  2|  in. 

1  Brick  trowel. 

4  yards  canvas. 
1  vise. 
1  water  pail. 

1  step  ladder. 

2  long  ladders. 
1  short  ladder. 
6  chairs. 

1  dust  pan. 

2  hand  lamps. 

5  wall  lamps. 
1  brass  oil  pan. 
1  1^  auger. 
4  small  bits. 
1  packing  hook. 

6  cold  chisels. 


Btock  and  Tools  at  Repair  8hop : 


4  Mathew  hydrant  valves. 
4  Lowry  **  *' 

8    *'  hydrant  valve  castings 


2 
5 
2 


It 


tt 


(< 


tt 
tt 
tt 


stand  pipes, 
castings, 
iron  stems. 
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21  "        *'         brass  stems. 

19  rotary  Union  meter,  old. 

1     "        "            "      valve. 

11  piston      " 

2    ''        "         heads. 

1  drill  press. 

7  valve  stems,  4  inch. 

2  drills. 

Q       U               «i          g       <« 

11  caulking  irons. 

6     "          '*      8    '* 

6  saws. 

2    **          *'     10    " 

2  pipe  cutters. 

2    **          **     12    " 

1  cutter  stock. 

J     <<          <«     j^    <t 

4  dies. 

1     **          '*     16    '* 

1  machine  stock  and  die. 

. 

2  lbs.  hydrant  drip  springs. 

6  taps. 

2  glands. 

7  machine  taps. 

4  hydrant  extension  bolts. 

4  tapping  drills. 

13  thimbles  f  *r  Wyckotf  pipe 

20  tapping  augers.  • 

25  iron  bands  with  bolts. 

1  extension  bit. 

8  li  inch  flush  hydrants. 

1  drilling  ratchet. 

3  large  valve  wrenches. 

2  braces. 

2  Lowry  hydrant  wrenches. 

1  brenst  drill. 

2  Post  hydrant  wrenches. 

2  washer  cutters. 

4  cut-oflf  street  keys. 

1  pipe  plyers. 

70  iron  service  boxes. 

1  square. 

48  corporation  stops,  wood 

1  draw  knife. 

pipe,  ^  inch. 

3  crowbars. 

60  corporation  stops,  wood 

1  claw  hammer. 

pipe,  f  inch. 

2  sledge  hammers. 

48  corporation  stops,  wood 

12  Piles. 

pipe,  J  inch. 

2  ice  picks. 

20  corporation   stops,   iron 

4  oil  cans. 

pipe,  ^  inch. 

1  lead  pot. 

65  corporation   stops,    iron 

1  lead  ladle. 

pipe,  f  inch. 

4  lanterns. 

■ 

26  corporation   stops,   iron 

1  pair  dividers. 

pipe,  1  inch. 

25  shovels. 

10  corporation   stops,   iron 

12  picks. 

pipe,  1  inch. 

1  large  clamp. 

1  Crown  meter,  new. 

2  small  clamps. 

3      **          ''      old. 

1  bench  vice. 

1  Worthington  meter,  old. 

• 

6  pails. 
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1  screwdriver. 

2  tape  lines. 

2  hatchets. 

6  pairs  of  rubber  boots. 

1  jack  plane. 

40  scre\Vs  for  lowering  pipe. 

8  pumps. 

60  feet  1^  inch  rope. 

1  light  derrick. 

40  feet  1  inch  rope. 

8  pnlleys. 

20  lbs.  solder. 

1  scraper. 

100  lbs.  sheet  lead. 

2  pipe  wrenches. 

75  lbs.  lead. 

1  large  monkey  wrench. 

100  lbs.  nails. 

Ismail      " 

5  gals,  coal  tar  varnish. 

2  S  wrenches. 

2  gasket  irons. 

1  steamer. 

1  lot  old  iron. 

6.  wheelbarrows. 

1  '*    "  rubber. 

1  saw  set. 

1  *'     '•   hose. 

15  cold  chisels. 

1  •'     '*  pipe  fittings. 

2  wood  chisels. 

1  "     "   bolts  and  nuts. 

6  punches. 

1  "   rubber  packing. 

8  caulking  hammers. 

1  "    hoop  iron. 

1  testing  pump. 

1  "    gasket  yam. 

1  jBre  pot. 

1  stove  and  pipe. 

1  basket. 

80  feet  f  inch  hose. 

Tools,  etc., 

at  Reservoir : 

2  sickles. 

8  rakes. 

2  scythes. 

1  valve  key. 

Tools,  et 

c,  at  Barn. 

1  horse. 

2  forks. 

1  wagon. 

1  lantern. 

1  sleigh. 

600  lbs.  hay. 

1 

1  harness. 

800  "    straw. 

1  shovel. 

20  bushels  oats. 

Furniture,  e 

tc,  at  OfiSce : 

1  counter. 

1  case  stationery. 

1  desk. 

1    **    reports. 

1  standing  desk. 

2  cuspidores. 

1  letter  press  and  stand. 

1  waste  basket. 

f 

1  stool. 

1  clock. 

1 

1  map  of  water  mains. 

1  thermometer. 

1  portfolio  water  maps. 

1  wardrobe. 
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Board  of  Public  Works 


TO  THE  COMMON  COUNCIL. 


-ON  AN- 


\(l(litional  Supply  of  Pure  Water. 


To  the  Honorable  Mayor  arid  Comrnwi  Council : 

Gentlemen: — ^At  a  meeting  of  the  Board  of  Public  Works  of' 
this  city  on  the  7th  day  of  June,  1879,  the  following  preamble 
and  resolutions  were  adopted,  to  wit : 

*'  Whereas,  The  Oommon  Council  of  the  City  of  Qrand  Bapids, 
at  a  session  May  6,  1879,  authorized  the  City  Surveyor  to  make 
all  necessary  investigations,  surveys,  plans,  etc.,  to  furnish  full, 
complete,  and  if  possible,  satisfactoiy  data,  to  enable  the  Board 
to  prepare  and  submit  to  the  Common  Council  and  the  public  a 
plan  for  procuring  an  abundant  supply  of  the  best  obtainable 
water  for  the  use  of  the  City  of  Grand  Bapids  ;  therefore, 

**  Besolved,  That  the  City  Surveyor  be  and  is  hereby  instructed 
to  examine  and  report  to  this  Board  plans  furnishing  all  facts 
necessary  to  exhibit  the  best  method  and  sources  to  procure  an 
additional  supply  of  pure  water,  and  the  probable  cost  of  its  in- 
troduction; and  further, 
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**  Resolved,  That  the  examination  be  made  to  embrace,  as  pos- 
sible sources  of  additional  supply :  Lamberton  Creek,  Lamber* 
ton  Lake,  Grand  Biver,  Coldbrook  Creek  and  lakes  supplying  the 
same,  Indian  Mill  Creek,  or  any  other  sources  that  promise  satis- 
factory results." 

Pursuant  to  these  resolutions,  the  then  City  Surveyor,  Mr. 
A.  C.  Sekell,  with  his  assistants,  made  during  the  seasons  of  1879 
and  1880  such  investigations,  explorations  and  surveys  as  were 
deemed  to  be  necessary  to  furnish  the  information  called  for. 
The  possible  sources  of  additional  water  supply  mentioned  in  the 
resolutions  were  each  examined,  also  Beed's  Lake,  the  Saddlebag 
Swamps  and  Green  Lake.  The  result  of  these  examinations  and 
surveys  are  set  forth  in  detail  in  the  elaborate  and  able  report  of 
Mr.  Sekell  submitted  to  the  Board  in  June,  1880,  which  report 
was  printed  and  presented  to  your  honorable  body  and  the  public 
later  in  the  same  season. 

As  set  forth  in  the  foregoing  preamble,  it  was  hoped  that  the 
data  to  be  obtained  by  the  Surveyor  would  enable  the  Board  to 
prepare  and  submit  to  the  Common  Council  and  the  public  a  plan 
for  procuring  an  abundant  supply  of  good  water  for  the  use  of  the 
city.  The  explorations  and  surveys  were  extensive  and  thorough, 
but  a  sunmiing  up  of  the  net  results  did  not  inspire  the  Board 
with  sufficient  confidence  in  any  of  the  sources  of  supply  reported 
upon  to  warrant  them  in  recommending  any  specific  source,  or 
plan,  for  the  additional  water  supply,  of  which  this  city  is  so  much 
in  need.  The  information  brought  before  them  was  of  a  dis- 
couraging character ;  the  several  supposed  available  sources  of 
supply,  each  of  which  have  at  times  had  among  our  citizens  its 
friends  and  advocates,  were  found,  without  exception,  to  be  un- 
satisfactory in  quality,  and  with  one  exception,  Grand  Biver, 
insufficient  in  quantity.  It  became  more  than  ever  apparent  that 
the  greatest  prospective  need  of  Grand  Bapids  was  to  be  an  ample 
supply  of  good  water  suitable  for  domestic  use. 

Some  thought  and  consideration  had  been  given  to  the  plan  of 


J 
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getting  a  water  supply  from  large  wells,  to  be  sunk  in  supposed 
favorable  locations,  a  method  that  has  in  some  instances  been 
snocessfnlly  adopted  where  the  amount  required  is  less  than  in 
this  city.  This  plan  seemed  to  gain  in  favor  until  quite  a  gen- 
eral desire  was  expressed  that  something  of  this  nature  should  be 
tried  ;  accordingly  the  Common  Council,  in  its  annual  budget 
for  1884,  incoiporated  in  its  estimates  an  item  of  f  8,000  to  ena- 
ble the  Board  of  Public  Works  to  determine  where  a  better  water 
supply  for  this  city  can  be  found,  and  its  probable  cost. 

In  April  last  the  Board  invited  Mr.  A.  C.  Sekell  to  meet  with 
them  for  the  purpose  of  considering  and  finally  determining  in 
what  way,  and  at  what  point  experimental  water  tests  could  be 
made  with  the  largest  prospect  of  success.  The  able  report  sub- 
mitted by  Mr.  Sekell  to  the  Board  in  1880  gave  evidence  of  an 
interest  in  the  subject  therein  presented,  and  of  an  ability  to 
meet  the  demands  of  the  situation,  that  secured  to  him  the  con- 
fidence of  the  Board,  and  entirely  satisfied  them  that  there  was 
no  occasion  to  go  abroad  for  the  services  of  an  expert  water  engi- 
neer to  aid  the  Board  in  determining  upon  the  line  of  action  it 
might  be  most  expedient  to  adopt.  No  engineer  can  be  brought 
here  in  whose  professional  skill  in  this  work  they  would  have 
greater  confidence. 

Among  the  various  methods  in  use  for  obtaining  a  ground 
water  supply,  to  which  Mr.  Sekell  particularly  invited  the  consid- 
eration of  the  Board,  was  what  is  designated  as  the  gallery  sys- 
tem. The  annual  report  of  the  Water  Commissioners  of  Colum- 
bus, Ohio,  where  this  system  has  been  put  in  successful  opera- 
tion, was  carefully  examined,  together  with  its  accompmying 
maps  and  diagrams,  from  which  it  was  seen  that  we  had  territory 
that  apparently  embodied  exceedingly  favorable  conditions.  The 
Board  visited  and  inspected  the  territory  east  of  and  adjoining 
the  river,  from  the  Nelson  farm  northerly  for  two  miles,  and  were 
highly  pleased  with  the  surface  indications.  It  was  then  deter- 
mined to  be  expedient,  before  commencing  the  experimental  tests, 
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that  Mr.  Sekell  should  go  to  Golambus,  that  he  might  personaDy 
examine  their  system  and  gather  useful  information  in  relation 
thereto,  and  be  better  able  to  judge  of  the  prospect  of  sueoees 
here.  The  result  of  such  visit  and  personal  inspection  of  the 
Columbus  works,  made  at  the  request  of  the  Board,  was  assuring 
in  the  highest  degree.  A  lease  of  territory,  having  a  river  front- 
age of  one-half  mile,  was  made  with  Mr.  Robert  Briggs,  and 
work  commeuced  under  the  immediate  direction  of  Mr.  Sekell. 
The  history  of  this  work,  extending  over  a  period  of  months,  and 
the  results  that  it  is  believed  have  been  reached,  are  folly  and 
ably  presented  in  the  report  of  Mi.  Sekell  to  the  Board  herewith 
submitted,  which,  with  the  maps  accompanying  tlie  same,  furnish 
the  evidence  upon  which  rests  the  conclusions  he  reaches,  and 
the  recommendations  he  makes,  to  all  of  which  the  Board  ask 
the  careful  consideration  of  the  Common  Council,  and  all  citizens 
who  feel  an  interest  in  the  subject.  The  facts  presented  in  Mr. 
Sekell's  report  to  the  Board  in  1880  should  be  fully  understood 
before  taking  up  and  arriving  at  conclusions  in  relation  to  the 
recommendations  he  makes  in  his  report  herewitn  submitted. 
The  report  of  1880  shows  that  there  are  no  known  sources  of 
water  supply  for  this  city  that  meet  the  public  requirements ; 
the  quality  of  the  water  is  unsatisfactory  ;  the  quantity,  except 
Grand  River,  is  insufficient,  hence  we  are  pressed  into  the  neces- 
sity of  resorting  to  what  may  be  regarded  as  somewhat  unusual 
methods.  The  gallery  system  is  being  used  with  most  satisactory 
results,  but  it  is  not  in  such  general  use,  neither  can  the  sources 
of  supply  and  the  amount  of  water  that  can  be  secured  with  cer- 
tainty be  so  definitely  determined  as  to  put  this  system  entirely 
outside  of  and  beyond  the  pale  of  experiment. 

The  Board  have  given  this  subject  as  faithful  >ind  careful  atten 
tion  as  they  are  capable  of.     They  see  no  way  of  providing  this 
city  with  pure  and  wholesome  water  that  will  compare,  in  point 
of  merit,  with  the  proposed  gallery  system.     They  know  the 
purity  and  healthfulness  of  the  water  that  can  be  provided,  bar- 
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ring  hardness,  to  be  the  very  best.  Its  quality  wiU  never  deteri- 
orate ;  it  will  be  unchangeable.  The  only  possible  doubt  that 
arises,  is  as  to  the  amount;  the  report  submitted  tells  all  we 
can  know  about  that ;  we  have  great  confidence  that  it  will  be 
sufficient.  We  recommend  that  this  city  take  the  necessary 
steps  to  obtain  its  supply  of  water  by  means  of  the  gallery  sys- 
tem, on  the  territory,  and  substantially  in  the  manner  recom- 
mended in  the  report  submitted.  If  the  Oommon  Council  shall 
coincide  with  the  view  taken  by  the  Board,  we  recommend  that 
early  action  be  had  by  your  honorable  body  with  a  view  of  pro- 
viding the  necessary  means  to  enable  the  Board  to  enter  upon 
the  work. 

Water  Bonds  to  the  amount  of  $200,000,  to  be  issued  as 
wanted,  should  be  authorized  by  popular  vote,  at  a  special  election, 
of  which  notice  should  be  given  for  at  least  thirty  days,  that 
citizens  may  have  an  opportunity  of  becoming  fully  informed  on 
the  subject.  ¥ive  hundred  copies  of  the  report  herewith  submit- 
ted have  been  printed.  Citizens  who  desire  to  read  up  the  water 
supply  question  will  be  furnished  this  report  at  the  office  of  the 
Board  without  charge. 

Respectfully  submitted, 

GEO.  W.  THAYER, 
GEO.  G.  BRIGGIS, 
W.  D.  STEVENS, 
A.  D.  PLUMB, 
D.  E.  EMERY, 

Board  of  Public  Works. 
Grand   Rapids,  Mich.,  May  9,  1885. 
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To  the  Sonorable  £oard  of  ^Public  Works. 

Gentlemen  : — At  a  meeting  of  your  Board  held  on  May  15, 
1884,  I  had  the  honor  to  submit,  at  your  request,  certain  sugges- 
tions in  relation  to  an  additional  water  supply,  which  were  fol- 
lowed by  further  suggestions  at  meetings  held  on  May  26  and  27. 
At  a  meeting  held  July  19,  a  resolution  was  adopted  directing  me 
to  proceed  with  the  experimental  tests,  designed  to  determine  the 
practicabihty  of  the  plan  which  had  been  suggested. 

I  now  have  the  honor  to  submit  the  following  report  and  ac- 
companying drawings,  with  certain  recommendations  and  other 
matter,  which  1  deem  important  to  a  complete  understanding  of 
the  questions  involved. 

The  plan  submitted  involves  the  construction  of  an  infiltration 
or  collecting  gallery  about  nine  thousand  feet  in  length,  com- 
mencing about  four  hundred  feet  south  of  Lamberton  Creek  on 
the  east  side  of  Grand  Biver,  and  continuing  northerly  nearly 
parallel  with  the  river  and  about  fifteen  feet  below  its  summer 
level.  The  gallery  wiU  be  of  oval  cross-section,  four  feet  wide 
and  four  feet  nine  inches  high,  the  walls  to  be  of  brick  eight 
inches  in  thickness. 
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From  its  northern  terminuB  a  cast-iron  pipe  extends  northeast- 
erly about  one  thoasand  feet  to  a  oircnlar  well,  designed  to  receive 
the  waters  of  the  great  springs  in  that  vicinity. 

From  a  receiving  well  near  the  southern  terminus  of  the  gal- 
lery, the  water  will  be  pumped  into  a  cast-iron  main  leading  into 
the  city,  and  connecting  at  several  points  with  the  present  pipe 
distribution  system.  Beference  to  the  accompanying  plans  will 
show  these  general  features. 

In  the  inquiry  as  to  the  value  of  the  plan  proposed  three  ques- 
tions are  of  importance,  relating  to  the  quantity  and  quality  of 
the  water  procurable,  and  the  expense  connected  with  the  con- 
struction of  the  proposed  works. 

ESTIMATE  OF  COST. 

I  estimate  the  cost  of  the  work  herein  proposed  approximately 
as  follows : 

15,400  linear  feet  24-inch  main  at  $4.25 $  65,450  00 

9,000        "         "    of  gallery  at  p.50 85,500  00 

Bulkheads  and  manholes 1,000  00 

Iron  main  at  north  end 2,000  00 

Engine  hoase,  well  and  foundations 20,000  00 

Removing  and  setting  up  present  machinery 4,000  00 

Land  and  right  of  way 4,000  00 

1181,950  00 
Engineering  and  incidentals,  10  per  cent 18,195  00 

Total »200,145  00 

QUANTITY. 

The  gallery  proposed  will  he  supplied  by  the  continued  infiltra- 
tion or  entrance  through  its  permeable  walls  of  ground  water 
from  the  adjacent  earth. 

An  examination  of  the  plans  will  at  once  suggest  the  idea  that, 
as  the  gallery  not  only  lies  within  a  few  hundred  feet  of  the 
river,  and  seyeral  feet  below  its  lowest  level,  the  water  entering 
the  gallery  will  be  simply  filtered  river  water.  Many  galleries  or 
works  of  similar  character  have  been  built  upon  this  theory. 
Experience,  however,  has  demonstrated  that  water  can  be  pro- 
cured in  this  manner  only  in  comparatively  limited  quantities. 
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It  has  been  found  that  the  water  which  filters  from  the  river  has 
a  tendency  to  clog  with  silt  and  sedimentary  particles  the  minnte 
passages  through  which  it  passes,  so  that  it  may  occur  that  filter 
galleries  or  basins  designed  to  take  water  only  from  the  river  side, 
and  giving  satisfactory  results  at  first,  soon  become  practically 
inoperative  by  reason  of  this  clogging  or  choking  up  of  the  chan- 
nels through  which  the  water  finds  egress  from  the  river  bed. 
This  ?hoking  up  process  is  all  the  more  certain  to  occur  when  the 
river  bed  is  not  periodically  cleaned  off  by  the  swift  currents  of 
floods. 

On  the  other  hand,  while  experience  has  shown  that  under  such 
conditions  as  are  found  here,  no  rapid  infiltration  from  any  por- 
tion of  the  river  bed  could  be  long  continued,  and  while  the  sur- 
veys show  that  until  the  ground  water  surface  along  the  line  of 
the  gallery  is  artificially  lowered  six  or  more  feet,  no  tendency  to 
such  movement  or  infiltration  would  be  created,  I  would  not 
insist,  that  in  case  the  gallery  water  line  be  considerably  lowered 
below  the  river,  no  absorption  into  its  underlying  porous  beds 
would  occur.  I  use  the  word  **  absorption  **  instead  of  '*  infil- 
tration '*  to  aid  in  expressing  the  extreme  slowness  of  movement 
which  might  take  place.  There  are  more  than  6,000,000  square 
feet  of  river  bed  along  the  line  of  the  gallery.  If  only  one-half 
of  this  area  was  in  communication  with  porous  beds  lying  within 
the  influence  of  the  gallery,  and  8,000,000  gallons  of  water  daily 
were  actually  derived  from  this  source,  the  movement  of  the  water 
as  it  receded  from  the  river  bed  would  not  exceed  one  and  one- 
half  inches  in  twenty-four  hours,  or  fifty  feet  in  a  year,  a  rate 
of  motion  that  could  not  effect  the  slightest  change  in  the  normal 
condition  of  the  river  bed. 

The  ultimate  source  of  all  water  supplies  is  the  rainfall,  or 
more  accurately  the  aqueous  precipitation,  which  includes  rain, 
hail,  snow,  frost  and  dew.  When  water  falls  upon  the  surface 
of  the  ground,  a  certnin  part  may  sink  through  the  upper  layers 
of  soil,  pass  below  the  reach  of  evaporation,  escape  the  grasp  of 
growing  vegetation,  and  finally  reach  the  underlying  supersatu- 
rated earth,  the  water  table,  or,  as  it  is  sometimes  called,  the 
water  spring,  the  surface  of  the  ground  water;  it  then  com- 
mences to  move  laterally  with  extreme  slowness  until  it  reappears 
at  the  surface  in  springs  or  other  open  water  at  some  lower  level. 


6  Eeport  of  Civil  Engineer  on  an 


All  true  wells,  large  or  small,  open  wells  or  driven  wells,  and 
all  infiltration  galleries  taking  water  from  the  land  side,  are  sup- 
plied with  this  ground  water  ;  so  are  all  springs,  and  so  also  are 
artesian  wells.  There  is  a  continued  accession  to  the  ground 
water  surface  from  the  annual  rains,  and  the  result  of  the  ground 
water  movement  is  the  annual  discharge  of  these  accessions 
into  surface  waters  at  lower  levels. 

Upon  the  general  map  accompanying  this  report  I  have  drawn 
a  line  intended  to  represent  tJie  limits  within  which  the  ground 
water  would  move  or  be  drawn  towards  the  proposed  gaUery; 
that  is,  to  define  its  drainage  area.  If  the  annual  percolation  or 
ground  water  accession  could  be  determined,  the  quantity  of 
water  which  the  gallery  would  furnish  could  be  estimated  with 
an  accuracy  depending  upon  the  correctness  of  this  boundary 
line.  I  have  said  that  artesian  wells  are  supplied  from  the  ground 
water;  such  wells  are  commonly  supposed  to  be,  and  often  are, 
supplied  from  remote  districts.  It  sometimes  occurs  that  high- 
lying  domes  or  giound  water  surfaces  are  found  over  permeable 
geological  formations  that  range  beneath  impermeable  formations 
in  such  a  manner  that  a  portion  of  the  ground  water  escapes 
finally  at  some  remote  natural  outlet.  Such  conditions  occur  in 
some  of  the  chalk  districts  near  London.  There  **  all  the  water 
that  has  been  absorbed  upon  the  surface  does  not  escape  at  lower 
(inland)  surface  levels.  A  large  quantity  filters  down  with  the 
dip  of  the  beds  in  obedience  to  gravity,  and  ultimately  becomes, 
by  hydrostatic  pressure,  forced  out  to  sea.'**  It  is  proper,  there- 
fore, to  consider  what  evidence,  if  any,  exists  that  the  ground 
water  or  some  proportion  of  it,  accumulated  within  the  natural 
drainage  area  of  the  gaUery,  may  not  escape  by  such  artificial 
outlets  as  are  afforded  by  artesian  wells,  or  sink  into  underly- 
ing permeable  formations  and  be  carried  away  to  some  distant 
natural  outlet. 

In  an  examination  of  the  geology  of  the  district  there  appears 
first  the  superficial  formation  of  considerable  thickness  known  as 
the  drift.  Underneath  the  drift  masses  wiU  be  found,  first  the 
Carboniferous  Limestone  formation,  characterized  by  an  exclusive 
limestone  deposit  throughout  the  upper  part,  and  by  beds  of 


*  Lucas,  Horizontal  Wells,  London,  1874. 
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limestone  separated  by  thin  sheets  of  shale  thronghoot  the  lower 
part.  This  formation  is  believed  to  be  aboat  fifty  feet  thick.  I 
may  say  in  passing  that  the  particular  locality  under  examination 
is  shown  upon  the  geological  map  of  Michigan,  very  near  the 
border  of  the  carboniferous  limestone,  so  that  if  the  drift  was 
removed  it  is  possible  that  the  ch  iracteristic  sandstones  and 
shales  of  the  more  recent  coal  measures  would  be  first  disclosed  ; 
the  conclusions  would  not,  however,  be  affected  by  this  circum- 
stance. 

The  formation  next  in  descending  order  is  known  as  the  Wa- 
verly  Group,  which  has  an  approximate  thickness  of  one  thousand 
feet.  The  upper  division  cf  this  formation  is  prevalently  a  sand 
rock,  with  subordinate  layers  of  shale,  and  seams  of  sand  rock 
cemented  by  much  calcareous  matter,  the  thickness  of  this  upper 
division  being  from  three  hundred  to  three  hundre'i  and  fifty  feet. 
The  lower  division  is  chiefly  a  shale  formation  interstratified 
with  arenaceous  beds  and  seams  of  calcareous  and  ferruginous 
concretions. 

These  formations  and  those  which  immediately  underlie  them 
are  the  deposits  from  an  ancient  sea.  The  stratification  is  often 
discordant,  but  the  beds  still  lie  in  a  substantially  horizontal 
position.* 

The  upper  surface  of  the  formation  immediately  underlying  the 
drift  is  doubtless  much  eroded  by  the  action  of  water;  valleys, 
chasms  and  gorges  resulting;  and  probably  all  the  harder  rock 
beds  are  much  fissured  and  broken,  while  the  shale  beds,  espe- 
cially in  the  more  recent  formations,  are  not  continuous  over 
wide  areas,  but  are  continually  thinning  out  or  wedging  into  the 
beds  of  harder  rock. 

Reference  to  the  sketch,  Plate  2,  which  shows  the  sections  of 
some  of  the  deep  borings  which  have  been  made  in  this  vicinity, 
will  show  the  relative  position  of  some  of  these  beds  of  rock.  The 
effect  of  this  geological  arrangement  from  a  hydrological  stand- 
point is  this :  Underneath  the  drift  we  have  a  series  of  horizon- 
tal beds  unbroken  by  faults  or  dislocations,  all  permeable  but  of 
a  permeability  differing  highly  in  degree.     Add  to  this,  masses  of 


*  C.  Rominger,  Mictiigan  State  Geological  Report. 
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porous  overlying  drift  in  which  the  domes  and  inclined  planes 
of  the  ground  water  tiarfaoea  rise  to  a  considerable  height  above 
the  primary  valleys,  which  represents  the  general  case,  and  we 
have  along  the  valley  lines  precisdy  the  candUians  necessary  Jor 
artesian  tvells  of  modercUe  depth,  and  where  snch  wells  are  bored 
the  abstraction  of  the  subterranean  waters  is  promptly  made  good 
by  a  slight  downward  movement  of  the  ground  waters  of  the 
drift  and  a  corresponding  reduction  in  the  yield  of  the  surface 
springs.  But  the  subjacent  rock  beds  in  this  vicinity  are  of  such 
a  chemical  character  as  to  render  the  ground  waters  that  have 
ranged  through  them  absolutely  unfitted  for  general  use,  they 
often  issuing  with  upwards  of  three  hundred  gr^iius  of  soluble 
salts  per  gallon ;  hence  not  only  is  the  city  precluded  from  seek- 
ing a  supply  in  this  way,  but  private  enterprise  as  well.  The 
amount  of  ground  water  that  may  be  now,  or  is  likely  in  the 
future  to  be  abstracted  in  this  way,  is  too  small  to  receive  farther 
attention. 

Upon  the  sketch,  Plate  2,  showing  the  geological  formations  in 
this  vicinity,  will  be  seen  a  line  showing  the  relative  position  of  the 
sea  level,  and  also  the  levels  of  Lakes  Michigan  and  Huron. 
Below  this  upper  line  all  strata  are  of  necessity  in  a  state  of  super- 
saturation,  and  further,  there  can  be  no  lateral  movement  along 
these  horizontal  beds  unless  there  is  sufficient  difference  in  ele- 
vation or  pressure  maintained  between  the  extremities  of  the 
movement  to  overcome  the  resulting  friction,  just  as  water  can- 
not move  in  an  inverted  syphon  unless  it  stands  higher  in  one 
leg  than  in  the  other. 

The  bottom  of  the  proposed  gallery  is  about  ten  feet  higher 
than  the  level  of  the  lakes,  and  this  difference  or  head  is  not 
sufficient,  in  my  opinion,  to  produce  any  undesirable  horizontal 
movement  through  thirty  miles  of  geological  formations,  be  their 
permeability  what  it  may. 

Nor  can  this  horizontal  movement  occur  in  the  direction  of  the 
river  valley,  because  the  water  which  rises  in  the  artesian  borings 
in  the  city  will,  I  think,  without  exception,  rise  many  feet  higher 
than  the  level  of  the  gallery.  I  conclude,  therefore,  that  no  water 
within  the  drainage  area  escapes  into  the  underlying  formations 
to  be  carried  to  some  remote  natural  outlet. 


Additional  Supply  of  Pure  Water.  9 

We  come  now  to  examine  some  of  the  characteiistic  features 
of  the  ground  waters  of  the  drift. 

Drift  masses,  such  as  are  found  in  this  locality,  are  made  up 

of  sand,  gravel,  stratified  clay  and  boulder  clay.     When  these 

members  are  found  imposed  in  what  is  considered  to  be  their 

natural  order,  as  in  some  parts  of  Canada  and  in  Scotland,  we 

have — 

Superficial  sand  and  gravel. 

Stratified  clay. 

Till  or  boulder  clay. 

The  boulder  clay  or  hardpan  covering  the  underlying  rock  in  an 
unbroken  sheet,  often  of  great  thickness  in  valleys,  and  thin  or 
wanting  on  hills.  The  boulder  clay  is  a  heterogeneous  mixture 
of  sand,  gravel,  pebbles,  small  boulders  and  clay,  which,  when 
submitted  to  the  action  of  water,  may  be  separated  and  deposited 
in  regular  stratified  beds ;  hence  the  conclusion  that  the  boulder 
clay  was  the  original  deposit,  and  that  afterwards  it  was  subjected 
to  the  modifying  action  of  water,  which  produced  the  sand,  gravel 
and  stratified  clay  beds  which  are  known  as  the  stratified  or 
modified  drift. 

As  the  boulder  clay  is  impermeable,  and  may  exist  in  extensive 
sheets,  it  is  important  to  inquire  as  to  how  far  its  existence  with- 
in any  given  area  may  be  likely  to  introduce  an  element  of  uncer- 
tainty into  the  direction  of  the  ground  water  movements,  and  the 
location  of  the  line  defining  the  drainage  area. 

In  the  Annual  Report  of  the  Michigan  State  Board  of  Health 
for  1877  may  be  found  replies  from  thirty-nine  correspondents  of 
the  board,  representing  as  many  different  locaUties  in  the  state, 
in  answer  to  this  question :  **  What  is  the  nature  of  the  soil  and 
geological  formation  in  your  location?'*  From  these  thirty-nine 
locaUties  there  are  replies  that  would  indicate  the  existence — 

Of  l)oulder  clay  next  the  rock 0 

Of  stratlfled  clay  next  the  rock 7 

Of  probably  stratified  clay  next  the  rock 2 

Of  sand  and  gravel  next  the  rock 5 

Of  probably  sand  and  gravel  next  the  rock 11 

Doubtful 14 

In  this  city  boulder  clay  is  rarely  found  next  the  rock,  so  far 
as  I  can  learn  or  have  observed.    In  the  test  wells  sunk  during 
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the  past  season  along  the  line  of  the  galleiy  a  mass  of  bonldei 
clay  was  encountered  which  is  perhaps  one  thousand  feet  in 
length ;  three  wells  were  sunk  through  it,  and  porous  strata  found 
below  in  each  case. 

It  seems  to  me  probable  that  the  modifying  influences  which 
produced  our  stratified  drift  were  very  thorough  in  their  operation, 
and  that  but  comparatively  little  of  the  original  deposit  of  boulder 
clay  was  left  undisturbed.  The  stratified  clay  beds  are  not  con- 
tinuous, and,  so  far  as  I  have  seen,  they  are  in  this  locality  gen- 
erally of  small  extent,  and  almost  always  underlaid  by  stratified 
snnd  or  gravel. 

I  conclude,  therefore,  that  in  examining  into  the  probable 
movements  of  the  ground  water,  the  drift,  taken  as  a  whole, 
may  be  considered  as  a  permeable  formation,  generally  homoge- 
neous. In  any  district  composed  of  heavy  masses  of  a  homoge- 
neous, permeable  deposit,  such  as  sand  or  gravel  drift,  lying 
generally  higher  than  the  ground  water  and  not  traversed  by  de- 
nuded valleys,  the  following  state  of  facts  will  be  found  : 

First.  The  ground  water  surface,  which  may  be  an  inclined 
plane,  or  a  part  of  a  low-lying  dome,  will  rise  as  we  recede  from 
the  open  water  that  determines  its  lower  edge,  until  a  summit  is 
reached,  from  which  the  surface  will  descend  to  some  other  val- 
ley Une ; 

Second.  The  rates  of  inclination  will  be  found  depending  upon 
the  annual  accession  from  the  rainfall,  the  resistance  of  the  strata 
traversed,  and  the  distance  from  summit  to  valley; 

Third.  The  ground  water  surface  will  be  found  to  be  in  no 
way  influenced  by  the  configuration  of  the  overlying  surface  of 
the  ground;  and, 

Fourth.  Whenever  the  surface  line  dips  or  cuts  below  the 
ground  water  surface  a  pond  or  lake  results. 

So  far  I  have  considered  the  effect  of  such  conditions  as  pre- 
vail almost  exclusively  over  the  northerly  portion  of  the  area 
naturally  tributary  to  the  proposed  gallery. 

When  the  land  surface  has  an  inclination  generally  less  than 
is  necessary  for  ground  water  movements,  a  general  condition, 
the  ground  water  is  of  necessity  forced  out  in  springs  and  streams, 
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from  which  result  denuded  valleys.  When  to  this  last  named 
condition  is  added  the  further  fact  that  the  drift  is  not  entirely 
permeable,  but  that  its  sand  and  gravel  beds  are  often  separated 
by  sheets  of  clay,  an  assumption  is  reached  which  accords  with 
the  conditions  found  in  the  southern  and  southeastern  part  of  our 
drainage  area;  that  is,  in  the  vaUey  of  Lamberton  Creek. 

Under  the  last  named  conditions  the  surface  of  the  tnie  ground 
water  is  often  obscure,  losing  its  smooth,  unbroken  character, 
and  presenting  many  discordant  features.  False  or  secondary 
water  tables  will  often  occur,  sometimes  appearing  as  ponds  or 
swamps  of  considerable  size  many  feet  above  the  true  ground 
water  plane,  and  in  many  places  miniature  artesian  wells  become 
possible.  I  wish,  however,  to  emphasize  the  fact  of  the  general 
existence  of  these  low-lying  domes  and  inchned  planes;  to  show 
that  even  under  the  most  complex  conditions  arising  from  a  pre- 
ponderence  of  impermeable  sheets  the  constant  tendency  of  the 
ground  water  surface  is  towards  the  more  simple  forms  suggested, 
and  that  its  movements  are  better  illustrated  by  broad,  slow- 
moving  surfaces,  than  by  rapidly-moving  veins  and  threads. 

In  attempting  to  define  the  drainage  area  of  the  proposed  gal- 
lery, I  have  acted  upon  the  theory,  so  far  as  its  northern  and 
southern  limits  are  concerned,  that  the  drift  within  the  area  is 
practically  homogeneous  and  permeable,  and  without  denuded 
vaUeys  that  furnish  means  of  escape  for  surface  waters;  but  in 
defining  the  eastern  boundary  I  have  followed ,  as  near  as  prac- 
ticable, the  present  summit  of  the  ground  water,  without  suppos- 
ing that  the  influence  of  the  gallery  will  ever  extend  further  east. 

In  thus  fixing  upon  this  arbitrary  limit  two  important  factors 
are  not  to  be  overlooked,  first,  the  surface  escape  of  the  flood 
waters  of  Lamberton  Creek  valley,  which  I  have  provided  for  in 
assigning  a  numerical  value  to  the  annual  infiltration  in  this  part 
of  the  area;  and,  second,  the  fact  that  a  large  part  of  the  ground 
water  which  has  its  origin  in  this  vaUey  escapes  into  the  creek, 
or  into  lakes  at  its  head.  It  is  certain,  however,  that  a  large  part 
of  this  will  sink  through  the  gravelly  bed  of  the  creek  wherever 
it  runs  over  strata  that  are  within  the  direct  influence  of  the  gal- 
leiy.  The  creek  bed  is  well  adapted  to  promote  such  action,  be- 
ing periodically  scoured  by  the  flood  waters  of  storms.  This  re- 
absorption  process  could  be  readily  extended  by  artificial  measures 
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BO  as  to  utilize,  if  desired,  the  entire  volnme  of  the  stream  except 
dnring  floods. 

The  area  included  within  the  boundary  lines  drawn  on  the 
map  is  six  thousand  five  hundred  acres. 

RAINFALL  AND  INFILTRATION. 

The  following  table,  prepared  from  a  complete  record  furnished 
by  Mr.  L.  H.  Streng,  of  this  city,  exhibits  the  annual  and  monthly 
average  rainfall  in  this  city  for  the  past  fifteen  years : 

RAINFALL    AT    GRAND    RAPmS. 


Ybabs. 

1870 
1871 
1872 
1878 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 


Aveni^. . 


Total  Fall 
in  Inches. 


36.86 
30.95 
33.47 
41.80 
29.02 
38.40 
35 .  25 
31.83 
35.75 
29.94 
45.27 
45.84 
40.76 
50.84 
43.41 

37 .  59 


Monthly  Average  During  Period. 


MONTH. 


Avera^ 


liainfaU. 


Ratio. 


January 2. 75 

February l  2.71 

March 2.89 

April 2.67 

May 3.01 

June 4.66 

July 1  3.56 

August 3.02 

Septeml)er   8.36 

October 3.65 

Noveml)er 2 .  76 

December 2 .  55 


Af  enge 


3.13 


.88 

.86 

.92 

.85 

.96 

1.49 

1.14 

.97 

1.07 

1.17 

.88 

.81 

1.00 


Z    K 

<2 


17 
14 
15 
11 
12 
12 
10 
9 
11 
12 
14 
17 

13 


The  maximum  rainfall  is  in  excess  of  the  average  BO  per  cent. 

The  minimum  rainfall  is  in  defect  of  the  average  nearly  28 
per  cent. 

The  average  of  the  three  dryest  consecutive  years  is  82.50 
inches,  or  ahout  15  per  cent,  less  than  the  general  average. 
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The  average  monthly  raisfall  exhibits  two  minima  occniring 
in  April  and  December,  and  two  maxima,  a  principal  one  in 
June,  a  secondazy  one  in  September. 

The  station  at  which  these  results  were  obtained  is  in  the  north 
part  of  the  city,  about  four  miles  south  of  the  proposed  gallery. 
I  know  of  no  reason  why  the  rainfall  would  materially  differ  in 
the  two  localities. 

It  is  impossible  to  arrive  at  any  very  satisfactory  conclusion  as 
to  the  annual  quantity  of  water  that  will  traverse  the  surface  soil 
and  reach  the  ground  water.  The  subject  is  involved  in  obscu- 
rity, and  the  experiments  that  have  so  far  been  made  are  not 
sufficiently  complete  and  extended  to  permit  of  their  general 
application. 

When  rain  falls  upon  the  g]1>und  a  portion  may  escape  over 
the  surface  into  streams  or  lakes,  while  another  portion  may  sink 
into  the  underlying  strata.  Of  the  water  which  descends  a  part 
may  be  retained  in  the  surface  layers  of  soil,  and  thus  exposed  to 
the  influence  of  vegetation  and  evaporation. 

The  absolute  quantity  of  water  which  escapes  these  influences 
and  finally  descends  to  the  water  table,  depends  upon  the  fre- 
quency and  intensity  of  the  rains,  the  retentive  and  absorbent 
qualities  of  the  soil  and  the  strata  immediately  underlying,  the 
surface  covering,  extent  and  character  of  the  vegetation,  the  pre- 
vailing winds,  temperature,  sunshine,  humidity  of  the  atmos- 
phere, and  physical  configuration  of  the  surface. 

Should  the  quantity  of  fallen  rain  be  little,  the  entire  amount 
may  be  retained  in  the  upper  layers  of  soil  to  be  subsequently 
evaporated  or  absorbed  by  growing  vegetation.  If,  however,  rain 
continues  to  fall  so  that  the  upper  layers  become  sufficiently  satu- 
rated, a  portion  of  the  water  will  descend  to  a  point  beyond  the 
reach  of  evaporating  influences. 

As  illustrative  of  the  retaining  power  of  various  soils,  it  has 
been  found  that  one  hundred  pounds  of  dry  soil  will  not  drip 
until  it  has  absorbed,  if  a — 

Calcareous  sand,  29  pounds  of  water. 
Loamy  soil,  40 

Clay  loam,  50 

Pure  clay,  70 
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Of  the  many  complex  influences  that  affect  the  question  of  in- 
filtration perhaps  the  most  important  therefore  are:  first,  the 
order  or  natural  sequence  of  the  rams,  whether  the  showers  are 
so  small  in  amount  as  to  seldom  produce  that  supersaturated 
condition  of  the  soil,  without  which  no  considerable  infiltration 
can  occur  with  intervals  such  as  would  give  full  effect  to  adverse 
agencies,  or  whether  the  rains  are  of  a  more  tropical  character, 
with  longer  intervals  of  drouth,  during  which  the  effect  of  evap- 
oration and  vegetation  are  reduced  for  want  of  moisture  upon 
which  to  operate;  and  second,  the  ability  of  the  upper  layers  of 
soil  to  retain  water  and  thus  expose  it  to  the  vaporizing  inflences 
of  evaporation,  combined  with  the  freedom  with  which  the  de- 
scending water  can  traverse  the  underlying  subsoil. 

A  heavy  rain  falling  upon  a  sapdy  soil  covered  with  the  decay- 
ing products  of  vegetation  and  underlaid  with  loose  sands  or 
gravels,  would  be  almost  entirely  absorbed  and  added  to  the 
ground  water,  while  the  same  rain  falling  upon  retentive  soil, 
such  as  a  clay  loam,  would  be  retained  in  the  upper  layers,  and 
thus  lost. 

Of  the  total  drainage  area  under  examination  there  are  approx- 
imately as  follows : 

Sandy  soil  with  porous  subsoil,  72  per  cent. 
Clay  soil,  19 

Swampy  surfaces,  7 

Water  surfaces,  2 

The  wooded  lands  are  about  10  per  cent,  occupied  almost  en- 
tirely by  sapling  white  oak.  Of  the  entire  area  there  are  surfaces 
so  situated  that  waters  may  escape  by  surface  drainage,  about  42 
per  cent.,  while  from  about  58  per  cent,  of  the  area  no  surface 
waters  can  thus  escape,  the  surface  of  the  ground  being  exceed- 
ingly broken  by  a  continued  succession  of  depressions  generally 
circular,  and  often  of  considerable  extent,  so  that  large  districts 
present  such  a  shape  as  could  be  made  by  laying  a  blanket  over 
the  flattened  surface  of  a  pile  of  boulders.  Some  of  these  saucer- 
shaped  depressions  are  but  a  few  feet  in  depth,  while  others  dip 
more  than  seventy-flve  feet  below  the  general  level.  This  pecu- 
liar feature  is  of  advantage,  as  whenever  any  movement  of  the 
water  over  the  surface  occurs  it  is  all  caught  in  these  basins  and 
very  quickly  absorbed. 
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The  first  important  experiments  looking  to  the  direct  determi- 
nation of  the  annnal  infiltration  were  made  by  Mr.  Dickenson,  at 
Hertfordshire,  England,  commencing  in  1886.  The  lysimeter 
used  was  three  feet  deep,  sunk  in  the  ground  to  a  level  with  the 
surface,  filled  with  soil  and  covered  with  growing  grass.  The 
filling  was  as  follows:  At  the  top  a  ten- inch  layer  of  ordinaiy 
surface  soil — a  sandy,  gravelly  loam — then  a  thickness  of  about 
fifteen  inches  of  sandy  gravel  gradually  becoming  coarser  towards 
the  main  mass,  which  was  clean,  coarse  gravel.*  l<*rom  the 
record  which  covers  a  period  of  thirty-four  years,  it  appears  that 
the  annual  evaporation  exhibits  a  much  less  range  than  does  the 
percentage  of  rainfall  which  infiltrates.  I  have,  theiefore,  in 
analyzing  the  results,  confined  myself  to  the  direct  amount  of 
evaporation  instead  of  the  ratio  of  infiltration. 

The  average  rainfall  daring  the  thirty-four  years  was 26  24  inches. 

The  maximum  rainfall  was 41.14  inches. 

The  minimum  rainfall  was 16.96      " 

The  average  annual  evaporation  was 18.78      '' 

The  greatest  annual  evaporation  was 28.08  inches. 

The  least  annual  evaporation  was 18.25      " 

The  average  annual  infiltration  was 7.46  inches. 

As  the  influence  of  evaporation  and  vegetation  is  much  the 
greatest  during  the  summer  months,  often  in  dry  climates  reach- 
ing the  total  rainfall,  I  have  prepaied  the  following  table,  which 
shows  the  number  of  summer  periods  of  six  months  each  during 
the  thirty-four  years  when  no  infiltration  occurred;  also  the  num- 
ber of  summers  when  it  was  less  than  0.20  inches,  and  so  on : 


No.  OF  BUMKBBS. 


13 

7 
3 
2 
4 
8 
2 


AVEBAOB  BaINYALL. 

Inches. 


12.19 
12.80 
12.24 
18.53 
14.15 
13.81 
18.90 


I  ApPBOXIM'TB  iNFIIiTBATION 

InohflB. 


0.00 
0.00  to  0.20 
0.20  to  0.50 
0.50  to  1.00 
1.00  to  1.50 
1.50  to  2.50 
Over  2.50 


♦  Humberts  Water  Supply. 
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During  the  entire  perioi  there  were  no  winters  in  which  infil- 
tration did  not  occur.  The  average  winter  evaporation  was  6.85 
inches. 

From  the  results  obtained  during  summers  it  would  seem  that 
12.40  was  very  near  the  measure  of  the  summer  loss  on  gravelly 
loam  soils  covered  with  growing  grass,  and  that,  when  the 
summer  rains  exceed  this,  infiltration  occurs.  This,  however — 
assuming  accuracy  in  the  experimental  results — expresses  merely 
a  general  fact  applicable  to  localities  with  lithological  and  cli- 
matic conditions  similar  to  those  prevailing  at  Mr.  Dickenson's 
station.  Nor  could  this  conclusion  be  applied  to  every  year  or 
every  term  of  three  consecutive  years. 

The  results  that  follow  combinations  of  adverse  circumstances, 
such  as  low  rainfalls  occurring  when  evaporation  is  greatest,  must 
receive  attention,  and  in  doing  this  I  shall  consider,  not  the  min- 
imum rainfall  of  one  year  or  the  greatest  evaporation  of  one  year, 
but  the  results  which  were  obtained  in  periods  of  three  consecu- 
tive years.  The  reason  for  this  I  will  state  here,  without  any 
discussion  of  the  subject.  Briefly,  it  is  because,  in  my  opinion, 
the  storage  capacities  of  the  porous  strata  contiguous  to  the  gal- 
lery, which  can  be  drawn  on  without  immediate  replenishing,  are 
so  great  as  to  warrant  it.  I  think  that  more  than  1,000,000,000 
gallons  of  water  are  held  as  free  water  in  the  porous  strata  in  the 
**  area  of  influence,"  and  this  quantity  or  storage  capacity  justifies 
the  expectations  which  can  be  based  on  three  year  periods  of 
minimum  infiltration,  which  will  always  average  greater  than  the 
single  year  minimum. 

Turning  again  to  the  experiments  at  Hertfordshire,  the  ave- 
rage evaporation  during  those  three-year  periods,  when  it  is  ex- 
cessive or  at  the  maximum,  never  exceeded  the  general  average 
by  20  per  cent.,  and  this  excessive  evaporation  may  occur  when 
the  rainfall  does  not  exceed  the  average.  Hence,  if  20  per  cent, 
be  added  to  the  general  average  evaporation,  an  expression  will 
be  reached  indicating  a  safe  limit  for  all  three-year  periods  when 
the  rainfall  reaches  or  exceeds  the  general  average.  But  mini- 
mum three-year  periods  of  rain  are  less  than  the  average;  in 
England,  almost  exactly  one-sixth. 

The  evaporation  during  three-year  periods  of  low  rainfall  was 
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generally  less  than  the  average,  and  never  exceeded  ii  by  so  little  as 
Uoo  per  cent.  Hence  a  safe  limit  for  any  works  depending  on  infil- 
tration, and  having  sufficient  storage  capacity,  will  be  found  in 
the  rmnirnv/ni  three-years  rainfaU  Isss  the  general  average  evapora- 
tion^ providing  the  lithlogical,  climatic  and  surface  conditions  are 
similar  to  those  at  Mr.  Dickenson's  station  in  Hertfordshire. 

Mr.  Jos.  Prestwich,  in  au  exhaustive  inquiry  upon  the  **  Water 
Bearing  Strata  around  London,  1864,"  arrived  at  the  following 
conclusions  regarding  the  quantity  of  water  that  would  anmudly 
percolate  the  surface  soil  covering  the  outcrop  of  several  geologi- 
cal formations  in  the  vicinity  of  London : 


GEOLOGICAL  FORMATION. 


Lower  Tertiary  Sands 

Upper  Greensand 

Lower  GreeDsand 


Total  mean  an-        Annaal 
mini  Kainfall.  I  EvaporatKtn. 
Inchen.  Inchee. 


25 

28 
26J^ 


i:j 

18 

mi 


Annnal  Iniil. 
tratloxi-lochee 


12 
10 


In  illustration  of  the  actual  evaporation  and  absorption  from 
extended  areas  the  following  table,  showing  results  derived  from 
the  remarkable  drought  of  1868,  will  be  of  value.  It  is  from  the 
evidence  given  by  Mr.  Bateman  before  the  Royal  Commission  on 
Water  Supply  (1869): 


y*f 

i 


4; 


Namk  of  Water-Wobks. 


*2    I  ^  gS  Pkriod  of  DROrTH. 


'55 

I    I  ^  I" 


iHrtM. 


Manchester  Corporation  50.        20. (> 

Dublin 52.88J  22. 

Glasgow— Loch  Katrine 71 . 

Glasgow-Gorbal's  Dist.  49.  4. 

I 

Liverpool 40 .        15 


Apr.  27  to  Sept.  24 
May  1  to  Sept.  18 
May  80  to  Aug.  8 
March  29  to  Oct.  8 
Apr.  28  to  Oct.  16 


9i 


it 

>  a 
.2  o 


150  9.     I  6.23 

141  11.29i  6.92 

70  4.65'  8.26 

189  18.19,11.74 

161  12. 20110.67 


In  no  case  does  the  loss  by  evaporation  and  absorption  exceed 
that  shown  by  the  experiments  of  Mr.  Dickenson,  although  the 
average  rainfall  in  the  several  localities  is  much  greater. 
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Dr.  DaJton's  experiments,  made  at  Manohester,  oontiniied  three 
years,  and  gave  the  following  average  results: 

Mean  annual  rain 38.55 

Average  annual  evaporation 25.16 

Average  annual  infiltration 8.39 

In  these  experiments  Dr.  Dalton  used  the  common  surface  soil 
of  the  district  (new  red  sandstone),  which  contains  a  good  deal 
of  clay,  and  would  probably  be  very  absorbent  and  retentive.* 

Mr.  Ohamock*8  experiments,  near  Ferrybridge,  Yorkshire,  con- 
tinued five  years,  with  the  following  results : 

Mean  annual  rain 24.60 

Average  annual  evaporation 19.78 

Average  annual  infiltration 4.82 

The  soil  used  was  the  heavier  magnesian  limestone  soil  of  York- 
shire, and  was  much  more  argillaceous  than  that  used  in  the  other 
experiments  mentioned;  **and  further,  his  experiments  having 
reference  to  a  special  agricultural  question,  the  soil  was  occa- 
sionally stirred.'*! 

Mr.  Thos.  Hawksley,  in  his  evidence  before  the  Royal  Com- 
mission, published  in  the  Report  of  1867,  stated  that  in  certain 
districts  in  England  which  are  part  low  land  and  part  high  land, 
with  an  annual  rainfall  of  forty-five  inches,  the  evaporation  will 
be  about  thirteen  and  a  half  inches.  It  will  be  observed  that  this 
amount  which  is  stated  as  the  result  of  actual  experience,  agrees  i 
almost  exactly  with  the  average  evaporation  which  Mr.  Prestwioh 
believed  would  occur  from  his  investigations  made  nearly  fifteen 

years  before. 

I 
During  the  past  two  years  lysimeter  experiments  have  been 

conducted  by  Dr.  E.  Lewis  Sturtevant,  Director  of  the  New  York      | 

Agricultural  Experiment  Station  at  Geneva.  | 

The  following  table  expresses  the  general  results  of  rainfall 
and  infiltration  at  Geneva,  N.  Y. : 


*  Prestwioh '8  Water  Bearing  Strata.- 
t  Ibid. 
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RESULTS   OF   RAINFALL   AND   INFILTRATION. 


YEAU. 


Rainfall.      Kainy 
Inches.        Dayp. 


Infiltration. 


\Hm 


I    25. 8«  1^5      i^ 


1S84 


On  Sod 3.74 

Bare  Soil 8 .  24 

Stirred  Soil...  11. 51 


Average 7 .  83 


22 .  :U) 


Sod 


Bare  Soil . . 
^  Stin-ed  Soil 


3.04 
5.10 
5 .  98 


KvaxKH 
ration. 


22.15 

17 .  (55 
14.88 
18.0(J 

18.  ()0 
17.14 
10.32 


Average....   4.93  I      17.37 


The  average  annual  evaporation  from  sod  is  about  10  per  cent. 
in  excess  of  that  shown  by  Mr.  Dickenson's  expeiiments  in  Eng- 
land. 

Infiltration  occurred  each  summer,  and  during  nearly  every 
month.  The  difference  between  the  summer  rain  and  infiltration 
seems  to  indicate  a  summer -evaporation,  on  average  surfaces,  of 
about  twelve  inches,  and  on  grass  land  about  fifteen  inches, 
amounts  which  agree  very  closely  with  the  English  experiments. 

During  winter  months  evaporatien  was  nearly  the  same  from 
the  different  exposed  surfaces.  The  winter  evaporation  in  1884, 
taking  the  first  three  and  last  three  months,  was  6.28  inches,  and 
in  1888  it  was  5.88  inches,  the  average  for  the  two  years  on  all 
the  surfaces  exposed  being  5.78  inches.  This  also  agrees  very 
closely  with  the  experiments  at  Hertfordshire,  where  the  average 
winter  evaporation  for  thirty-four  years  was  6.85  inches. 

Experiments  made  to  determine  the  evaporation  from  surfaces 
of  snow,  near  Boston,  gave  as  a  result  an  evaporation  of  0.02 
inches  per  day.*  This  would  be  for  five  months — about  the  time 
snow  covers  the  ground  in  this  vicinity — a  trifle  over  three  inches. 

The  evaporation  from  a  large  surface  of  water — Beacon  Hill 
Reservoir — during  the  first  four  months  of  1876,  was  5.58 
inches.  + 


*  Keport  of  Boston  Water  Board,  1879. 
t  Report  of  Boston  Water  Board,  1877. 
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In  attempting  to  combine  the  results  of  the  foregoing  experi- 
ments, and  to  apply  them  to  the  district  nnder  examination  with 
its  varied  conditions  of  soil,  surface,  and  surface  covering,  to  give 
the  right  value  to  the  effect  of  the  differences  in  the  many  complex 
conditions  of  climate  existing  between  the  various  localities  where 
the  results  were  obtained,  I  am  aware  of  an  insurmountable  diffi- 
culty. The  most  that  can  be  attempted  is  a  general  approxima- 
tion intended  to  apply  to  those  three-year  periods  when  the  an- 
nual average  infiltration  approaches  the  minimum.  The  result 
is  shown  in  the  following  table,  giving  probable  annual  infiltra- 
tion on  drainage  area  of  proposed  galleiy: 


KIND  of  surface. 

Sandy  Soils  from  which  surface 
waters  do  not  escape 

Other  Sandy  Soils 

Clay  Loam 

Marsh — Swamp 

Water 

Total 


AcreB. 

Anna  ~1  rain 

3  year 
Minimam. 

3,800 

32.50 

900 

kt 

1,300 

»i 

500 

(I 

100 

%i 

6,500 

32.50 

Annual 
Infiltration 

18  in. 
13   " 
10  - 

0 

U 


Av.  GaL 
per  Day. 

.>,08(>,U(K) 
870,000 
8y2,m¥) 


6,848,01W 


In  round  numbers  7,000,000  gallons  per  day.  This  result 
is  based  upon  the  theory  that  the  true  ground  waters  flowing  in 
Lamberton  Creek  wiU  be  absorbed  as  they  flow  over  porous 
strata  within  the  direct  influence  of  the  gallery. 

The  eastern  limit  of  the  drainage  area  I  have  placed,  as  stated 
before,  at  the  present  summit  of  the  ground  water  dome,  although 
the  conclusions  respecting  the  homogeneous  permetMe  character  of  th^ 
drift  might  jvstify  its  removal  to  a  point  consideraMy  further  east. 

No  allowance  has  been  made  for  any  absorption  by  the  porous 
beds  under  the  river. 

The  plan  submitted  is  intended  to  utilize  substantially  all  the 
ground  water  obtainable  in  the  district;  that  is  to  say,  I  have 
placed  the  northern  terminus  of  the  gallery  at  a  point  beyond 
which  it  cannot  be  profitably  extended,  owing  to  the  course  of  the 
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river  beyond,  as  farther  extensions  would  not  effect  a  correspond- 
ing increase  in  the  area  drained. 

Should  it  be  necessaiy  in  ttie  future  to  add  to  the  quantity 
which  the  gallery  can  continuously  yield,  undoubtedly  the  best 
plan  would  be  found  in  the  construction  of  a  second  gallery  on 
the  west  side  of  the  river  connecting  with  the  gallery  on  this  side 
by  an  iron  main  laid  in  the  river  bed.  Another  method  of  in- 
creasing the  yield  would  be  found  in  permitting  water  from  the 
river  to  flow  at  intervals  over  portions  of  the  sand  beds  that  lie 
along  the  line  of  the  gallery. 

I  have  discussed  at  some  length  the  questions  upon  the  solution 
of  which  depend  the  annual  quantity  of  water  obtainable  by  the 
method  herein  proposed,  not  only  for  the  purpose  of  showing  their 
application  to  the  location  of  the  gallery  as  designed,  but  also  for 
the  purpose  of  showing  the  futility  of  locating  such  works  at  any 
point  remote  from  the  river,  which  would  of  necessity  involve 
either  nnwarranfcable  expense  for  construction,  or  such  a  reduc- 
tion in  available  drainage  area  as  would  defeat  the  object  sought. 

During  the  past  season  nine  large  test  wells  have  been  sunk 
along  the  hue  of  the  southern  portion  of  the  gallery  at  intervals 
of  a  few  hundred  feet,  the  results  from  which,  both  as  regards 
the  character  of  the  strata  penetrated  and  the  rate  at  which  the 
water  entered  the  excavations,  are  satisfactory,  and,  as  far  as 
possible,  conclusive. 

The  sections  of  these  weUs  are  shown  in  the  following  table, 
which  shows  also  the  rate  at  which  the  ground  water  entered. 
For  purposes  of  comparison  merely,  and  not  as  indicating  in  any 
degree  the  ultimate  capacity  of  the  strata,  I  have  also  added  the 
diameter  of  a  well,  which,  at  the  same  rate  as  the  test  well,  would 
yield  approximately  7,000,000  gallons  per  day. 

The  ordinary  rate  of  artificial  sand  filtration  beds  is  six  inches 
per  hour.  The  rate  of  the  larger  natural  infiltration  galleries  is 
generally  somewhat  greater. 

Should  the  gallery  herein  proposed  be  constructed,  its  '  rate  * 
at  7,000,000  gallons  per  day  would  be  about  four  and  one-half 
inches  per  hour.  The  well  marked  as  '*  1 "  is  near  the  south 
terminus  of  the  gallery;  <*9'*  is  near  the  town  line,  and  the 
others  are  intermediate.  No  exploration  of  the  strata  north  of 
the  town  line  has  been  made  at  present. 


M 


C3Q 


H 
O 

O 
I— I 

H 


0 


«  O  ^ 

^  ri  *« 

^  I  t 

9  C  O 

»^  QQ  C^ 


6  • 

Acs 


«      «     ^ 


»1 


?  I  ^ 

gas 
n    aE4    £ 


i 

fie 

I 


rj 


t-- 


mm 

X 


d 


-?    at   » 


"S     i     fl     ^     e     1 


I 


CM 


0. 


s  c 


M 

9 


*r. 


9i 


S        08        _ 

S    Sa    c: 


0*         . 
>     n3 

gB       c3 


M 

3S 


S 


■»       Iff 


J4 


1 


K 

9 


•<? 


9i      ^ 


^     d 


XX 

d-^ 

a/    • 

>  : 

H 


.30 


fid 


r-t        « 


d 


M 


00 


'O     A 


0     'Z 


e 

3 

t5    S 


I 


M 

X 


S 


»^     »ft 


II 


H 

o 


9 


?5 


d 

9 


'3  « 


Additional  Supply  of  Pube  Water. 


23 


Infiltration  galleries  have  been  constructed  since  about  sixty 
jears  ago,  although  there  are  but  few  notable  examples  in  this 
country,  those  at  Columbus,  Lowell  and  Taunton  being  the  most 
important.  There  are  many  examples,  however,  in  Europe  where 
the  use  of  spring  or  ground  water  is  fast  increasing.  Thus,  \n 
eighty  towns  of  Germany,  German  Austria  and  Switzerland, 
the  increase  from  1858  to  1876  in  the  number  of  inhabitants 
supplied  with  filtered  and  unfiltered  river  water  was  678,000, 
while  the  increase  during  the  same  period  in  the  number  supplied 
with  spring  and  ground  water  was  over  three  and  one-quarter 
millions. 

The  following  table  exhibits  some  of  the  statistics  of  infiltration 
galleries  in  the  United  States  : 


QQ 

pa 

< 

O 

OQ 
O 

QQ 

H 

H 
OQ 


•c 

o 

s 


1 


3     p     d 


OS 


0^ 

£ 

J3 


Qi 

I— I 

-a  ^ 

a 


B3  O 


n 


n 


8    & 
1^   S 


^      S 


s     ^ 


& 

'd 

." 

9) 

s 

s: 

■d 

78 

-a 

5 

q 

► 

o 

> 

d 

^ 

e 

«M 

o 

35 

-a 

o 

a 

o 

h 

5 

.S 

u 

B 

Q 

•H 

a 

9 

12 


B 

o 


a 


1*2     i?  .1     I 


E 


X 

C 


^ 


01 


•d 
d 

d 


GO 

1—1 

•m 

o 

X 

« 

d 


d 

6 

o 

«M 

X 

i 

H 

> 
u 


•^ 


^  si*"  i 

>       s 

c         c 


J; 

X 


p 


'•d    'S 

d    ^ 


•ft         i^ 


s 
a 

d 


X 

d 
o 

« 

d 

a 


u 

2 

a 
.a 

« 

no 

ao 
d 


Ml 

o 
■J 


.a 


-M 


•n!nq«voM 


t 

0) 

d 

^ 

JO 

'K 

A 

00 

■^ 

1 

3 

1 

r-i 

0. 


2 


do        ^ 


*J 


d 


9  ^ 

33 


■d 


s 


90 

So 


•uopwindoj 


o 


00 

d 


o 


o 

I— 


I  1 


^ 

^ 


?J 


d 
o 
■•-» 

d 
d 


0»  -H 


d 

o 
o 

n 


I 


Additional  Supply  of  Pure  Water. 


25 


QUALITY. 

It  is  not  perhaps  too  much  to  say  of  the  ground  waters  along 
the  line  of  the  gallery,  that  they  are  characterized  by  an  exquisite 
purity. 

The  surface  of  the  drainage  area  is  almost  absolutely  free  from 
objectionable  features. 

The  population  is  very  Hmited,  and  not  Ukely  to  increase. 

There  are  no  manufactories  or  other  sources  of  gross  pollution 
present,  and  none  are  likely  to  be  found  in  the  future. 

A  large  proportion  of  the  water  entering  the  gallery  wiU  have 
traversed  long  reaches  of  sand  and  gravel  strata,  the  effect  of 
which  is,  as  has  been  shown  by  Piefke  in  Die  Boden  Filtration, 
Berlin,  1888,  that  the  organic  matter  is  gradnaUy  destroyed, 
owing  to  the  action  of  the  dissolved  oxygen.* 

The  hardness  of  the  water  will  be  substantially  the  same  as 
that  now  furnished  from  Carrier  and  Coldbrook  Creeks,  possibly 
a  trifle  harder. 

Water  from  a  number  of  the  test  wells  and  from  Mr.  Briggs' 
spring  has  been  examined  by  Hugo  Thum,  Ph.  C,  of  this  city, 
with  the  following  results : 


NL 

MBKK  OF 

WKLl.. 

HardnPBH. 

Pt»rraii-  IVmiK)- 
nent.       rary. 

{CO 
1.76 

III 

0.14 
0.14 

AmmoniH. 
Pts.  ijer  mill. 

Free.  '    Alb. 

h»ix . . . . 
Seven 
'I'wo . . . 

..     10.2^    5.8*^ 
...     10. (i*^    7.1« 

1 
1,,,,,,   ,,«... 

.033        ()82 

One . . . 



.08 

Fivet  . 

;   .047 
1  Trace. 

.159 

Briijgs' 

Surinsr    . 

1 

1 

.044 

_        _ 

^_ _^ 

There  is  nothing  in  these  results,  and  I  know  of  nothing  out- 
side of  them,  to  mdiodMs  cue  presence  of  anything  that  would  de- 


*  Nichols  on  Filtration  of  Saline  Solutions  Through  Sand. 
I  This  sample  was  very  turbid  from  marl  and  clay  in  the  pit. 
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tract  from  the  value  of  the  water  for  doiueBtic  ase  except  its 
hardness,  which  is  a  characteristic  feature  of  the  ground  water 
of  this  state. 

The  free  ammonia  indicates  the  measure  of  a  gaseous  product', 
resulting  from  a  previous  decomposition  of  organic  matter,  while 
the  albuminoid  ammonia  indicates  tlje  amount  of  undecomposed 
organic  matter.  The  quantity  indicated  by  the  analysis  is  very 
small,  especially  that  from  the  Briggs'  spring,  which  I  regard  as 
a  more  representative  sample  than  the  others,  which  were  ool-  j 
lected  from  the  pits  while  the  work  of  excavating  was  in  progress. 
And  of  the  very  small  quantity  of  organic  matter  present,  it  must  | 
be  substantially  all  of  vegetable  origin.  i 

In  the  selection  of  a  water  for  domestic  supply,  the  two  follow- 
ing principles  have  been  laid  down  as  fundamental  giiides : 

1.  A  water  suitable  for  domestic  supply  must  bo  free  from  all 
substances  which  are  hunmi  to  produce  an  injurious  effect  on  the      ' 
human  system,  or  which  are  suspected  with  good  reason,  or  on 
good  authority,  to  produce  such  an  effect.  | 

2.  The  water  should  be,  as  far  as  practicable,  free  from  all 
substances  and  from  aU  associations  which  offend  the  general 
{esthetic  sense  of  the  community,  and  thus  effect  the  system 
through  the  imagination,  even  when  there  is  good  reason  to  sup- 
pose that  it  is  in  itself  perfectly  harmless.* 

The  water  which  will  be  derived  from  the  proposed  gallery 
will,  so  far  as  I  can  judge,  fully  satisfy  the  requirements  hero  laid 
down  by  Prof.  Nichols. 

I  think  it  will  go  even  further. 

Its  history,  the  fact  of  its  being  derived  from  clean  sandy  sur- 
faces free  from  objectionable  features,  of  its  having  slowly  filtered 
through  vast  sheets  of  pure  sand  and  grave],  tl  e  fact  of  the 
impossibility  of  its  contamination,  its  exquisitely  clear,  colorless 
and  sparkling  appearance,  and  its  cool  and  equable  ti-mperature, 
all  combine  to  give  it  a  value  that  would  b&  difficult  to  over- 
estimate. 

*  Nlcliols— Water  Supply,  Chemical  and  Sanitary,  N.  Y.,  1888. 
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It  is  proper,  perhaps,  that  I  shonld  extend  this  inqniiy  still 
farther;  to  examine  into  the  probable  financial  resnlts  that  would 
follow  the  introduction  of  water  that  would  by  its  quality  com- 
mand the  respect  of  the  consumer,  ignoring  the  more  important 
sanitary  question ;  to  present  the  best  method  of  procedure,  should 
the  works  be  built,  and  to  inquire  as  to  the  total  population  that 
could  be  amply  supplied  with  the  7,000,000  gallons  per  day,  that 
there  i^  reason  to  believe  can  be  procured  from  the  construction 
of  the  complete  gaUery.  Undoubtedly  the  introduction  of  a  pure 
and  sparkling  bpring  water  would  be  followed  by  an  immediate 
increase  in  the  number  of  water  consumers,  and  a  corresponding 
increase  in  revenue;  and  as  this  would  apparently  involve  a  cor- 
responding increase  in  the  consumption  of  water,  it  might  be  at 
once  inferred  that  the  quantity  above  mentioned  was  quite  too 
small  even  for  the  necessities  of  our  present  population,  espe- 
cially in  view  of  the  fact  that  the  present  consumption — or  more 
properly  the  pumping — has  lately  been  very  near  8,000,000  gal- 
lons per  day,  with  the  number  of  services  connecting  with  the 
works  not  one-quarter  what  the  present  population  of  the  city 
would  justify. 

What,  then,  is  a  legitimate  use  of  public  water?  What  is 
ample  use,  what  quantity  per  capita  does  a  city  population  re- 
quire for  all  purposes,  domestic,  manufacturing,  ornamental,  san- 
itary and  municipal  ?    This  is  a  question  of  importance. 

There  are  $225,000,000  invested  in  water  works  in  this  coun- 
try, and  of  the  vast  quantity  of  water  daily  furnished  by  these 
works  it  is  an  undisputed  fact  that  more  than  one-half  is  utterly 
wasted,  without  having  subserved  the  slightest  useful  purpose. 
Enormous  engines  are  built,  pipes  laid,  additional  supplies  sought, 
and  vast  sums  of  money  thus  expended  because  of  this  great  and 
growing  evil. 

In  Vienna  and  Berlin,  the  daily  allowance  per  capita  is  fifteen 
or  eighteen  gallons;  in  St.  Petersburg  it  is  twenty-two  gallons; 
in  Paris,  where  large  amounts  are  used  in  washing  streets,  there 
are  used  daily  per  capita  forty-two  gallons.  In  the  principal 
cities  of  Great  Britain  the  daily  supply  averages  thirty-five  to 
forty  gallons,  and  in  London  the  daily  supply  is  thirty-seven  and 
one-half  gallons. 
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Chief  Engineer  Ludlow,  of  the  Philadelphia  works,  eBtimates 
that  for  all  purposes  for  which  water  may  be  legitimately  used, 
an  ample  supply  would  be  as  follows  : 

For  domestic  purposes 20  gallons. 

manufacturing 15 

sprinkling  streets,  etc 2 

"    fountains 2 

fire  purposes 1 


t( 


ii 


i( 


it 


li 


it 


i« 


Total 40  gallons. 

The  actual  amount  pumped  per  head  in  the  principal  cities  of 
the  United  States  is  shown  in  the  following  table,  computed  from 
'*Groes*  Statistical  Tables,"  issued  January,  1888.  All  cities 
are  included  in  the  order  of  their  population,  and  every  city  of 
oyer  42,000  population  in  1880  is  included.  The  daily  consump- 
tion is  made  up  from  the  census  of  1880,  and  the  average  daily 
consumption,  which  occurred  generally  in  1882,  so  that  the  re- 
sults wUl  be  a  trifle  too  great,  owing  to  the  increase  in  population 
between  these  two  years. 
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Table  Rhowing  approximate  daily  oonsumption  of  water  per 
capita  in  Ameiioan  cities  in  1882,  also  approximate  annual  reve- 
nue per  capita. 


CITY. 


New  York  .  . . 
Philadelphia  . 

Brooklyn 

Chicago 

aBoston 

St.  Louis 

Baltimore 

^Oinoinnati .  . . 
San  Francisco 
New  Orleans. 

Cleveland 

Washington  . . 

Pittsburgh 

Buffalo 

Montreal 

Newark 

Louisville  . . . . 
Jersey  City. . . 

Detroit 

Milwaukee.  .. 
Providence  . . . 

Albany 

Rochester  — 


B 

a 

a 

c 


88 
79 
61 


0         I 

a 
OS       I 


CITY. 


a 

Q. 

B 

s 
x 

a 


|1  86 
1  7U 
3  09 


131  I  2  26 

//89  \di  27 

78      * 

80  2  03 
66  ;  1  99 
59  1  5  56 
42  46 
77  1  57 

166  72 

102  I  1  92 

141  I  2  38 

81  I  2  94 
71  -j  1  68 


69 
184 
148 
127 

35 


1  75 
3  69 

2  29 
1  44 


I  <. 


2  56 


llnkB0WB|* 

47     '      84 


Toronto 78 

Allegheny 127 

Indianapolis 53 

Hichmond 88 

I 

New  Haven ;  95 

Quebec. '  48 

Lowell 44 

Worcester 56 

Trov 61 

I 

Kansas  City :  62 

Cambridge 47 

Syracuse i  91 

Columbus 51 


Paterson i   117 


Toledo i     67 

Charleston 5 

Fall  River 'r38  07 

I 

Scranton i   102 

Minneapolis 64 

Nashville 92 

Reading  UnkBown 

Wilmington '  110 

Hartford '  119 


s 
a 


4;2  48 

2  13 

94 

1  80 

2  15 

1  44 

2  86 
1  58 

1  40 

It 

3  86 
1  37 

1  05 

74 

2  35 

c 

64 
1  47 

1  58 
1  86 

3  16 


a  1884.    6  1888.    c  Each  actaal  consumer  in  1888.    d  Hadbnry  and  Cochitnate,  1883. 
*  No  retams. 

There  are  bat  two  of  the  large  cities  in  this  list,  Providence 
and  Fall  Biver,  that  show  a  legitimate  use  of  water,  while  others 
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indicate  that  one-half,  two-thiids  and  three-qnarters  of  the  water 
pumped  is  mn  to  waste.  Aside  from  differences  which  might 
arise  from  purely  local  canses,  I  think  there  is  one  word  that 
expresses  the  reason  for  these  results,  and  that  is — administra- 
tion ;  not  necessarily  current  administration,  but  the  results  of 
all  administration  dating  from  the  time  when  the  first  work  of 
construction  was  commenced. 

The  Boston  Water  Board,  in  their  report  of  1884,  referring  to 
the  results  at  Providence,  say  that  it  is  **  perhaps  the  only  dty  in 
the  United  States  which  has  undertaken  to  manage  its  water  in- 
terests with  the  same  reference  to  business  principles  that  pre- 
vails among  business  men  everywhere.  We  predict  that  all  the 
large  towns  and  cities  will  be  compelled  to  follow  her  example  in 
the  near  future." 

The  effect  of  waste  can  be  readily  imagined,  its  far-reaching 
evils  need  but  to  be  suggested;  unchecked,  it  calls  not  only  for 
the  capitalization  of  vast  sums  of  money,  but  a  daily,  hourly, 
demand  upon  the  public  funds  for  means  for  maintaining  the 
furnace  fires. 

Mr.  Thos.  J.  Whitman,  of  the  St.  Louis  works,  said  a  few 
years  ago,  that  it  cost  that  city  fully  $80,000  annually  in  fuel 
alone  to  supply  the  waste. 

The  Oincinnati  Water  Works,  during  1882  and  1888,  by  a 
system  of  inspection  aided  by  the  Bell  Waterphone,  reduced  the 
consumption  of  water  from  eighty-seven  gallons  per  capita  to 
sixty-six  gallons,  and,  in  spite  of  the  increase  in  population,  the 
fuel  account  in  1888  was  reduced  over  f  20,000  from  that  of  1881. 

The  Ohief  Engineer  ot  the  Boston  Water  Board,  in  the  report 
of  1884,  says,  in  speaking  of  the  very  satisfactory  methods  in 
operation  in  that  city  to  p^revent  waste,  **  there  is  no  question 
but  the  consumption  can  be  easily  reduced  to  sixty  gallons 
per  head."  In  the  same  report  the  board  also  say  that  unless 
Boston  can  keep  the  consumption  down  to  sixly  gallons,  the  tax- 
payers will  be  compelled,  at  a  very  early  day,  to  expend  millions 
of  dollars  for  a  new  source  of  supply. 

Oomparatively  inexpensive  methods  of  restricting  and  prevent- 
ing waste  are  now  well  known,  and  in  successful  and  eminently 
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satiis^toiy  operation;  methods  that  work  no  injury  to  the  indi- 
vidnal  consumer,  and  deprive  him  of  no  nsefnl  privilege. 

I  feel  confident  that  this  city  may  he  supplied  for  many  years 
with  water  that  shall  he  so  acceptable  as  to  invite  its  general  use, 
without  having  the  average  daily  consumption  exceed  sixty  gal- 
lons per  capita. 

The  7,000,000  gallons  derived  from  the  gallery  would,  there- 
fore, satisfy  the  complete  demands  of  a  population  of  116,000 
individuals. 

I  think  the  immediate  construction  of  the  entire  gallery  as  de- 
signed would  not  be  advisable.  I  think  the  best  policy  will  be 
found  in  the  construction  at  first  of  about  one-third  of  it,  or  suffi- 
cient to  yield  say  three  or  four  million  gallons  per  day.  This 
would  not  involve  an  outlay  probably  exceeding  (150,000,  and 
would  provide  sufficient  water  for  a  number  of  years,  during 
which  time  there  is  good  reason  for  believing  that  the  revenue 
from  the  works  will  be  so  increased  as  to  provide  means  for  the 
extension  of  the  gaUery  whenever  it  becomes  necessary.  Bo  im- 
portant is  this  question  of  revenue,  that  I  desire  to  consider  it 
further. 

The  foUowing  table,  prepared  from  Oroes*  Statistics,  shows  the 
axmual  revenue  from  water  rents  of  cities  in  the  United  States 
having  a  population  over  25,000  and  less  than  100,000.  The 
population  is  from  the  census  of  1880,  the  revenue  was  generally 
that  of  1882;  seven  cities  from  which  no  returns  were  obtained 
are  not  included. 
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ANNUAL   BEVENUE    FROM    WATER   RATES. 


CITV. 


Rochester 

Allegheny 

iDdianapolis 

Richmond  

New  Haven 

Lowell 

Worcester 

Troy 

Cambridi^e 

Syracuse 

Columbus 

Toledo 

Fall  River 

Minneapolis 

Nashville 

Reading 

Wilmington 

Hartford , 

Camden 

Lawrence 

Dayton 

Lynn 

Atlanta 

Oakland 

Portland 

Memphis 

Springfield  (Mass.) 

Manchester 

Grand  Rapids 

Harrisburg 

Wheeling 

Savannah  

Trenton 

Covington 

Evansville  

Peoria 

Erie 

Bridgeport 

Salem  

Ft.  Wayne 

New  Bedford , 

Terre  Haute 

Lancaster 


o 


o 
o, 

o 


89,366 
78,682 
75,056 
68,600 
62,882 
59,475 
58,291 
56,747 
52,669 
51,792 
51,647 
50,137 
48.961 
46,887 
43,350 
43,278 
42.478 
42,015 
41,659 
39,151 
38,678 
38,274 
37,409 
34,555 
38,819 
33,592 
33,340 
32,630 
32,016 
30,762 
30,737 
30,709 
29,910 
29,720 
29,280 
29,259 
27,737 
27,643 
27,563 
26,880 
26,845 
26,042 
25,769 


5 

a 

X 


Annnal  Price 

iPaidp«rH>xlr'nt 

by  City. 


$  75,766 
168,000 
70,940 
82,748 
135,331 
140,398 
92,007 
79,609 
180,485 
71,090 
54,700 
37,394 
115,301 
30,000 
64,000 
68,481 
79,085 
132,882 
65,644 
78,111 
23,214 
93,280 
27,414 
202,933 
1 10,000 
60,000 
76,137 
67,500 
20,238 
50,000 
52,022 
35,000 
47,875 
25,000 
39,689 
24,805 
43,819 
49,000 
53,512 
10,002 
46,766 
30,123 
38,000 


00 

00 

00 

00 

00 

00 

00 

00 

23* 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 


$ 


0 
0 
50  00 
0 
16,000  for  all. 
0 
0 
0 

10  00  o9m 

26,000  for  all. 
0 
0 
0 

(^) 

0 
0' 
30  00  391t 

(^) 
40  00 

0 

0 
0 

(?) 

0 

,    (?) 

60  00  339t 
0 


0 

0 

0 
11,130  for  all. 

0 

0 
7,500  for  all. 

0 

0 
12,000 
40  00  a39t 

0 


♦InlSSS. 

t  Number  of  hydrante. 

From  this  table  it  appears  that  the  income  from  water  in 
Grand  Bapids  in  1882  was  less  than  that  from  any  works  in  the 
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United  States  supplying  more  than  a  city  of  26,000  population, 
with  the  single  exception  of  Ft.  Wayne. 

I  know  of  but  one  reason  for  the  small  revenue  which  is  now 
derived  here,  after  a  practical  operation  of  ten  years,  and  that  is 
found  in  the  unsatisfactory  quality  of  the  water  furnished.  The 
effect  upon  the  financial  results  of  the  works  may  be  briefly  stated. 
Up  to  May  1, 1884,  the  receipts  from  rents  since  the  inauguration 
of  the  works  exceeded  the  operating  expenses  only  $  88,857  68 
The  interest  account  to  same  date  was  -  286,117  78 

Leaving  a  gross  deficiency  of  ...      $252,760  05 

which  has  been  made  good  by  a  direct  tax,  equal  since  the  com- 
mencement of  the  works,  to  about  f  85.00  per  day.  The  defi- 
ciency at  present  is  about  $65.00  per  day. 

This  is  not  what  is  expected  from  investments  in  water  works. 
It  is  to  be  expected  that  the  income  from  works  shall  pay  all  cur- 
rent expenses,  all  interest  accounts,  and  much  more;  this  is  a 
common  experience.  If  any  conclusion  is  possible  from  the  ex- 
perience of  other  cities  of  the  size  of  this,  as  shown  in  the  fore- 
going table,  it  is,  that  with  a  desirable  water  the  revenue  of  this 
city  with  the  present  population  ought  to  be  at  least  $50,000 
annually.  That  means  that  the  investment  represented  by  the 
bonded  indebtedness  should  be  a  paying  one,  just  as  much  as  are 
investments  in  any  desirable  stock. 

I  wish  to  urge  this  point,  because  many  persons  seem  to  regard 
our  water  bonds  as  of  necessity  a  burden  to  be  carried,  just  as 
bonds  issued  for  public  buildings  or  bridges  are. 

I  could  give  many  instances  iUustrating  this  matter.  ]  tdll, 
however,  refer  to  but  one,  by  no  means  the  best  or  an  unusual 
one,  that  of  Lynn,  Mass.  The  cost  of  the  works  is  a  little  over 
$1,000,000.  The  average  consumption  of  water  per  day,  1,560,- 
000  gallons ;  population,  45,960.     The  financial  showing  for  1888 

is  as  follows : 

Rents  from  use  of  water |{98,898  54 

Interest  account  for  1883 $65,436  87 

Maintenance  and  operation 21,456  14 

Surplus  for  sinking  fund  or  extension  of  works..    22,000  53 

$98,893  54* 

Perhaps  a  fair  statement,  going  to  show  what  may  be  reason- 
ably expected  in  the  way  of  an  increase  in  revenue  following  the 
introduction  of  an  improved  water,  may  be  found  in  the  experi- 

*  Tlie  rents  for  1884  were  $113,882.60. 
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ence  of  Columbus.  The  water  originally  provided  to  the  works 
gradually  became  undesirable;  in  1877  the  first  section  of  the 
infiltration  gallery  was  built,  and  pure  spring  water  introduced. 
At  that  time  the  annual  revenue  was  less  than  it  was  three  years 
before,  but  during  the  next  three  years  it  increased  81  per  cent. 
In  1877  tiie  receipts  were  $24,548.82,  while  in  1884  they  were 
f  68,446.85,  an  increase  of  over  f  40,000.  Still  more  marke'l  is 
the  net  earnings  or  excess  of  revenue  over  operating  expenses 
and  repairs.  In  1877  the  net  earnings  were  less  than  f  2,000; 
in  1884  they  were  over  $47,000, 

In  referring  to  the  influence  of  the  gallery  upon  the  finances 
of  the  department  the  Trustees  say,  in  their  report  of  1881, 
'*  the  number  of  customers  is  fast  increasing,  as  the  great  siupe- 
riority  of  the  hydrant  water  becomes  known.  There  need  be  no 
fears  for  the  future  financial  success  of  the  works.  The  good 
offices  of  the  filtering  gallery  has  already  assured  this." 

I  do  not  for  a  moment  doubt  but  the  investment  necessary  to 
intri  duee  the  gallery  water  will  not  only  prove  a  paying  one  in 
itself,  but  that  it  will  work  a  complete  revolution  in  the  financial 
condition  of  the  works,  and  render  them  in  a  very  few  years  self- 
sustaining,  a  result  tJiat  must  certainly  be  desired  by  every 

citizen. 

The  advisability  of  adopting  the  plan  which  I  have  the  honor 
to  submit,  depends  somewhat  upon  a  question  which  I  have  not 
yet  discussed.  Is  there  a  better  way  by  which  the  wants  of  this 
growing  city  can  be  met  ? 

So  far  as  I  am  able  to  judge  there  is  not.  I  have  in  the  past 
examined  with  care  many  proposed  plans  for  water  supply  for 
this  city,  all  I  think,  suggested,  that  seemed  to  possess  merit, 
without  finding  any  that  was  satisfactory  in  the  most  important 
particular;  in  fact,  in  the  one  great  overshadowing  requirement 
of  a  water  supply — the  quality — present  and  prospective. 

Hence  for  this  reason,  if  for  no  other,  I  take  pleasure  in  recom- 
mending the  plan  now  submitted  for  your  consideration. 

Even  if  the  cost  of  the  work  was  very  much  greater  than  esti- 
mated, it  would  still  be  less  than  any  other  plan  which  I  have 
examined.  Even  if  the  quantity  which  I  have  named  could  not 
be  reached  in  practical  operation ;  knowing  that  ample  additional 
drainage  area  is  within  easy  reach,  I  should  still  have  no  hesita- 
tion in  recommending  the  plan  proposed. 

I  am  indebted  to  the  City  Surveyor,  Mr.  Collar,  and  his  assist- 
ants, for  valuable  services. 

To  the  several  members  of  the  board  I  desire  to  express  my 
thanks  for  their  cordial  support  and  co-operation. 

Respectfully  submitted, 

A.  C.  8EKELL, 

Grand  BAPms,  Mich.,  March  7,  1885.  Civil  Engineer. 
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REPORT  OF  THE  BOARD. 


Board  of  Public  Works,   i 
Grand  Rapids,  July  16,  1885. ) 

To  tJte  Honorable  Mayor  and  Common  Council  of  the  City  of  Grand 
Rapidn: 

Qbktlemen:— The  Board  of  Public  Works  respectfully  submit  to 
your  Honorable  Body  their  report  for  the  year  ending  April  80th,  1885, 
together  with  the  Annual  Report  of  F.  A.  Twamley,  Collector  of 
Water  Rates;  of  H.  A.  Collar,  City  Surveyor,  and  George  E.  Kirk, 
Engineer  in  charge  of  the  Pumping  Works. 

The  report  of  the  Collector  shows  that  with  the  growth  of  the 
City  comes  a  corresponding  increase  of  water  takers,  very  largely  for 
lawn  and  street  sprinkling  purposes;  tlie  number  would  be  greatly 
augmented  if  the  water  supplied  was  unobjectionable  for  domestic 
purposes. 

The  use  of  meters  is  being  gradually  increased  with  good  results 
in  detecting  leaks  and  preventing  an  unnecessary  use  of  water. 

The  repairs  on  the  Wyckoft  Pipe  for  the  year  have  been  1950.72, 
against  $554.20  for  the  previous  year.  The  gross  receipts  for  water,  for 
the  year,  have  been  $28,676.85,  against  $24,686.59  for  the  preceding 
year;  gross  expenditures  $17,242.72,  against  $16,873.64.  Net  income, 
$11,438.68,  against  $7,762.95. 

The  City  has  278  fire  hydrants  for  which  water  is  furnished  free. 
If  the  water  works  income  fund  should  receive  from  the  City  a  just 
compensation  for  the  maintenance  of  these  hydrants  and  supplying 
them  with  water,  the  present  deficit  of  about  $20,000  between  the  net 
earnings  of  the  Works  and  the  interest  on  the  outstanding  Water  Bonds 
would  be  nearly,  or  wholly  overcome.  The  city  of  Syracuse,  N.  Y., 
with  a  population  of  about  52,000,  shows  its  receipts  from  water  for 
one  year  to  be  $71,000,  of  which  sum  $26,000  is  paid  by  the  city  for  the 
maintenance  and  supply  of  fire  hydrants  Many  other  cities  pay  to 
their  water  department,  various  sums,  ranging  from  ten  to  seventy-five 
dollars  annually  for  each  liydrant.  The  laying  of  a  direct  tax  of 
$20,000  and  upward  per  annum  to  pay  interest  on  Water  Bonds  conse- 
quent upon  tlie  failure  of  the  Works  to  earn  the  interest  on  the  money 
invested,  makes  the  Water  system  appear  to  the  public  to  be  burden- 
some.  If  this  amount  or  some  adequate  specified  sum  should  be 
annually  paid  into  the  inoome  fund  for  fire  protection,  tlie  water  ser- 
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vice,  even  now,  with  its  limited  mains,  its  insufficient  and  unsatisfactory 
supply,  would  be  nearly  or  quite  self-sustaining.  While  this  w^ould  not 
reduce  taxation,  it  would  relieve  the  Water  Works  from  the  unjust 
odium  of  being  supported  by  a  yearly  subsidy. 

The  attention  of  the  Council  is  particularly  invited  to  this  point 
with  a  view  of  securing  such  action  as  will  permit  the  Water  depart- 
ment to  make  a  showing  that  it  Is  justly  entitled  to  present. 

The  report  of  the  Engineer  in  charge  of  the  Pumping  Works 

indicates  a  large  increase  in  the  pumping  service.    We  are  rapidly 

nearing  a  point,  when  at  times,  both  the  supply  of  water,  the  capacity 

of  the  engine,  pumps  and  forcing  main  will  be  inadequate  to  meet  the 

public  requirements.    The  average  daily  pumping  service  for  the  past 

year  has  been  about  seventeen  hours ;  at  times,  the  pumps  have  b^en 

run  at  their  full  capacity  for  the  entire  twenty-four  hours.    The  water 

raised  into  the  reservoir  during  the  past  year,  in  excess  of  the  previous 

year,  has  been  about  one  hundred  and  fifty  million  gallons,  or  over 

four  hundred  thousand  gallons  per  day,  at  a  cost  for  fuel  alone,  of  over 

$1,200. 

In  consequence  of  the  evident  waste  of  water,  the  Board  are  about 

inaugurating  means  to  secure  a  more  strict  compliance  with  its  rules 

and  regulations  governing  water  consumers,  as  it  is  only  by  such  means 

that  a  possible  water  famine  can  be  averted.    No  good  results  from  an 

unnecessary  or  wasteful  use  of  water ;    on  the  coutnry,  it  at  times 

endangers  the  limited  supply,  and  imposes  needless  expense. 

Since  the  Board  submitted  their  last  Annual  Report,  much  has 
been  done  looking  to  a  new  and  better  source  of  water  supply.  With 
the  approval  of  the  Council,  a  two  years  lease  was  made  on  the  15th  day 
of  July  last  with  Robert  Briggs,  securing  to  the  City  the  riglit  to  pros- 
pect on  his  land  for  water  for  that  length  of  time,  for  the  sum  of 
$500,  with  the  understanding,  that  if  the  City  shall,  on  or  before  the 
expiration  of  said  lease,  desire  to  obtain  full  title  to  any  portion  of  the 
lands,  said  $500  shall  be  applied  as  a  part  of  the  purchase  price.  As 
soon  after  obtaining  the  lease  as  practicable,  a  number  of  large  test  pits 
were  sunk  at  various  points  with  a  view  of  ascertaining  the  amount  of 
water  that  would  flow  into  an  infiltration  gallery,  should  the  construc- 
tion of  such  a  gallery  be  warranted.  The  results  obtained  were  satis- 
factory to  the  Engineer  in  charge  and  to  the  Board,  as  indicated  in  their 
special  reports  on  the  subject  to  the  Council,  under  date  of  May  9, 1885, 
in  which  it  was  recommended  that  a  special  election  be  ordered  by  the 
Council  with  a  view  of  securing  from  the  taxpayers  authority  to  provide 
the  necessary  means  to  carry  into  effect  the  recommendations  made  by 
tlie  Board.  Such  election  was  ordered,  and  held  on  the  7th  inst,  result- 
ing in  a  refusal  to  authorize  the  Council  to  provide  the  means  a? 
suggested. 

The  result  of  this  public  expression  upon  the  recommendations  of 
the  Board,  the  causes  that  led  to  that  result,  and  the  views  of  the  Board 
as  to  the  action  that  it  may  be  expedient  to  take  in  the  future  in  relation 
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to  an  additional  and  better  water  supply,  will  be  the  subject  of  a  special 
communication  to  your  Honorable  Body  to  be  hereafter  presented. 

The  report  of  the  CMty  Surveyor,  herewith  submitted,  gives  a  full 
statement  of  the  public  work  carried  on  during  the  past  year  under  the 
direction  of  the  Board,  covering  the  establishing  of  street  grades,  the 
grading,  graveling  and  paving  of  streets,  tlie  construction  of  sewers,  the 
erection  of  bridges,  laying  of  water  mains,  etc. 

The  total  cost  of  all  these  improvements  for  the  year  aggregates 
$197,032.31,  against  $108,517.7(5  for  the  previous  year.  The  Fulton 
street  bridge  has  been  fully  completed  within  the  year ;  this  bridge  is 
regarded  by  the  Board  as  one  of  the  best  specimens  of  public  work  of 
its  class  to  be  found  in  ttie  State  -an  opinion  that  appears  to  be  largely 
shared  by  tlie  public. 

Early  in  the  year,  the  attention  of  the  Board  was  directed  to  the 
preliminary  work  necessary,  preparatory  to  procuring  plans  for  a  new 
City  Hall.  After  much  careful  consideration,  a  plan  was  approved  in 
October  last;  the  contract  for  the  construction  of  the  building  was 
made  on  the  9th  of  April  for  $185,641.68,  to  W.  D.  Richardson,  of 
Springfield,  111.  The  work  is  now  progressing  in  a  satisfactory  manner. 
It  is  expected  that  the  building  will  be  placed  under  roof  before  winter. 
It  is  believed  that,  when  this  building  shall  be  fully  completed,  it  will 
be  a  just  source  of  pride  and  satisfaction  to  our  citizens  generally.  As 
the  report  of  the  Surveyor  gives  quite  a  full  description  of  the  structure, 
there  is  no  occasion  to  make  further  reference  to  it  here. 

It  gives  the  Board  pleasure  to  say,  that  the  duties  devolving  upon 
the  Surveyor,  Collector  of  Water  Rates,  the  Engineer  in  charge  of  the 
Pumping  Works,  and  their  several  assistants,  have  been  performed  in  a 
highly  satisfactory  manner. 

Respectfully  submitted, 

GEORGE  W.  THAYER, 
WILDER  D.  STEVENS, 
A.   D.  PLUMB, 
GEORGE  G.  BRIGGS, 
D.   E.   EMERY, 

Board  of  Public  Works. 


COLLFXTOR'S  REPORT. 


Office  of  Board  of  Public  Works,  I 
Grand  Rapids,  May  1, 18a5.      S 

To  ths  Uonorahle  Board  of  Piihlic  'Works: 

Gentlemen:— I  respectfully  present  Uie  following  report  for  tlio 
year  ending  April  80,  1885 : 

Tlie  number  of  services  on  the  Ist  of  May,  1884,  for  which  per- 
mits were  issued  were 1 ,247 

Taps  granted  without  permits 25 

Private  mains  connected  with  Works 35 

Total 1,807 

Number  of  services  put  in  the  past  year  for  which  permits  were 

issued 145 

Taps  granted  without  permits 2 

Private  mains  connected  with  worlds 2 

Total  number  of  connections  on  May  1,  1885 1,45H 

Number  of  services  now  cut  off 187 

Number  of  services  now  open 1,319 

The  receipts  at  this  office  for  the  year  have  l)een  as  follows : 

From  water  rates,  tines,  etc %  27,850  35 

From  water  permits 826  00 

Total  Income  from  Water  Worlcs |  28,676  85 

There  has  also  been  received  from  labor  and  sale  of  ma- 
terial    98  51 

From  sale  of  house  on  City  Hall  lot 500  00 

From  sewer  permits 159  00 

From  contractor's  forfeit  on  bid 25  00 

Total  receipts  for  the  year %  29,458  86 

Cash  on  hand  May  1,  1886 501  27 

9  29,960  18 
B 
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Deposits  have  been  made  with  the  City  Treasurer  during  the  year 

as  follows : 

I 

To  the  credit  of  Water  Works  income  fund $  28,885  91  i 

To  the  credit  of  City  Hall  fund 500  00  \ 

To  the  credit  of  general  fund 25  00  1 

To  the  credit  of  first  district  sewer  fund 121  50  » 

To  the  credit  of  second  district  sewer  fund 37  50 

To  the  credit  of  Fulton  street  bridge  fund 28  51 

Total  deposits  during  the  year .$  29,598  42 

Cash  on  hand  to  balance 361  7  J 

$  29,960  18 

Receipts  from  May  1, 1874— the  commencement  of  collections— to 
May  1,  1884: 

From  water  rates $138,900  65 

From  water  permits 6,980  23 

From  sewer  permits 892  50 

From  various  sources  (as  per  past  reports) 2,358  91 

Total $  148,532  29 

Receipts  for  tlie  past  year 29,458  86 

Total  receipts  to  date $177,99115       ' 

Deposits  made  from  May  1,  1874,  to  May  1,  1884:  I 

4 

To  the  credit  of  water  works  income  fund $145,647  12        | 

To  the  credit  of  water  works  fund 1,193  40 

To  the  credit  of  first  district  sewer  fund 526  50 

To  the  credit  of  second  district  sewer  fund 177  00 

To  the  credit  of  various  funds  (as  per  past  reports) 487  00 

Total $148,031  02 

Deposits  made  the  past  year 29,598  42 

Gash  on  hand  to  balance 361  71 

Total $177,991  15 


» 
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STATEMENT  OF  EXPENDITURES. 

May  1,  1884,  to  May  1,  1885 

CONSTRUCTION  OF  WATER  WORKS. 
1. — Pipe  System. 

Extensions,  etc $    3,623  98 

2.— Additional  SirriiY. 

Experimental  Tests |    3,047  06 

3.     Meters. 
New  meters  and  setting $     1,046  15 

Total  paid  on  construction 7,717  19 

Paid  previous  to  May  1,  1884 456,890  86 

Cost  of  Works  to  date $464,608  05 


Maintenance  and  Operation  of  Water  Works. 

1. — Pumping. 

Salary  Engineer |  1,200  00 

Salary  Assistant  Engineer 780  00 

Salary  First  Fireman 60:)  00 

Salary  Second  Fireman rtoO  00 

Fuel 6,015  82 

Repairs  to  pumping  machinery 161  22 

Repairs  to  boilers  and  arches 43  65 

Repairs  to  Engine  House 44  60 

Supplies  (oil,  packing,  etc.) 262  62 

I  9,657  91 
2.— Office  and  Collecting. 

Salary  Collector $  750  00 

Salary  Assistant  Collector 500  00 

Stamps  and  printing 48  50 

$  1.298  50 

3.--SUPERINTKNDBNCE  AND  RePAIHS. 

Salary  Foreman  of  Repairs I  999  96 

I.-Ieon  Pipe. 

Labor $  246  86 

Material 18  33 

265  19 
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Amount  forward  . . 
Labor  

$ 

1,265  15 

2  —  Wyckoff  Pipk. 

.ii;  894  44 
56  28 

Material 

Labor  

;*.     River  Pipe,  Mahon 

St 

950  72 

• 

. i  470  53 
46  14 

Material 

Labor  

4.— Pump  Loop. 

516  67 
186  01 

Labor    

5.— Valvks. 

.f     88  87 
.      280  39 

.»  495  82 
.     515  54 

Material 

Labor    

6. — Hydrants. 

369  2<» 

Material 

Labor  

7.— Meters. 

1.011  86 

1     369  50 

181  15 

Material   

Labor          

8.   -Seti'ling  Basin. 

•  • 

550  65 
28  75 

9. — Supply  Creeks. 

Labor I  100  39 

Salary  Watchman 339  50 


10. — Service  Connections. 

Labor $  108  55 

Material :339  31 


11.— Miscellaneous. 

Tools $237  02 

Blowing  oft 17  50 

Barn 365  13 

Shop 50  84 


339  89 


447  86 


660  99 
$    6,286  81 
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RECAPITULATION. 

Pumping f    9,657  91 

Office  and  Collecting 1,298  50 

Superintendence  and  Repairs 6,286  31 

Total  paid  for  maintenance  and  operation  $  17»242  72 

Income  for  the  year $  28,676  35 

Cost  of  maintenance  and  operation 17,242  72 

Excess  of  receipts  over  expenditures $  11,483  68 

Meters. 

Seventy -tour  meters  have  been  added  during  the  year,  the  total 
number  now  owned  by  the  city  being  435,  of  which  there  are  set  and  in 
operation  350  of  the  following  manufactures: 

Ball  &  Fitts  Rotary 175 

Worthington 26 

Crown 87 

Ball  &  Fitts  Piston 62 

350 
There  are  in  the  shop  the  following  meters : 

Ball  &  Fitts  Rotary 30 

Worthington 34 

Crown 4 

Ball  &  Fitts  Piston 17 

Total 85 

There  is  in  use  one  Undine,  which  is  running  on  trial. 
There  are  in  use  two  Rotary,  new  style. 
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Leaks  on   Distribution   Mains 

The  following  table  shows  the  number,  cause  and  location  of  the 
various  leaks  on  the  mains  during  the  year : 


NAME  OF  STREET. 


Kent 

Coldbrook 

West  Bridge.... 

Scribner 

Coldbrook 

South  Dlyision . 
North  Canal  . . . 

Bronaon  

Maaon  

Maaon  

Ottawa 

Campaii  alley. . 

Mason  

Ottawa 

East  Falton  . . . 
North  Division. 

Summer  

West  Bridge... 

Bronson  

Broadway 

Winter. 

Ottawa 

Mason  

Campan  alley.. 

Front 

Fifth 

Ottawa 

Fountain 

Fountain 

Preeoott  

Fulton 

Fountain  


KIND  OF 
PIPE. 

Wyckoff.. 


Pump  Log. 
Wyckoff... 

Iron 

Wyckoff... 


Pump  Log. 


Wyckoff... 
Pump  Log 


» 

20 

12 

8 

16 

12 

16 

14 

16 

16 

16 

4 

12 

16 

10 

12 

6 

12 

6 

12 

12 

16 

16 

4 

4 

6 

16 

6 

6 

8 

10 

6 


MONTH 


May 


(t 


July 


August . . . 


SepteibbV 


October 


< 

Q 


S 

9 

12 

26 

4 

.5 

14 

21 

23 

28 

4 

6 

7 

11 

IS 

15 

16 

18 

20 

25 

27 

29 

1 

17 

2[) 

25 

26 

30 

1 

6 

9 

10 


CAUSE. 


Joint. 


Split 
Joint 


Knothole 
Joint . . . 
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Leaks  on    Distribution  Mains— Continued. 


NAME  OF  8TRE£T. 


Coldbrook 

Goldbrook 

Ottawa 

Soribner 

Ransom 

North  Canal 

Buchanan  

Fountain  

Ottawa 

Campaa  alley. 

South  Division 

Colt  avenue — 

South  Front. . . . 

Scribner 

West  Bridge.... 

Mason  

Lyon 

West  Fulton . . 

Bronson 

Ionia 

Coldbrook 

South  Diyision 

Coldbrook 

Coldbrook 

Ransom 

Canal 

North  Canal  — 


KIND  OF 
PIPB.  I 


Iron 


Wyckoff.... 

Iron 

Wyckoff... 

Iron 

Pump  Log  . 
Wyckoff.... 

Iron 

Pump  Log. 
Wyckoff.. .. 


4* 


Wyckoff.. 


4t 


Pump  Log. 
Wyckoff.... 

Iron 

Wyckoff 

Iron 


Iron 


Wyckoff... 


B 

MONTU. 

• 

< 

OAUSK. 

M 

20 

October  . . 

13 

Joint . . . 

20 

tt 

15 

II 

16 

t» 

17 

ti 

8 

It 

21 

II 

2 

tt 

29 

It 

8 

November 

4 

It 

8 

tt 

1.5 

It 

6 

t. 

17 

Split... 

16 

tt 

20 

Joint... 

4 

tt 

22 

Split... 

8 

It 

28 

Joint... 

6 

December 

17 

Knothole 

6 

tt 

23 

Joint... 

6 

January . . 

5 

.  t 

12 

<t 

7 

ti 

16 

It 

14 

It 

6 

tt 

30 

It 

12 

February. 

5 

ti 

6 

tt 

9 

Split.... 

6 

April 

8 

>i 

20 

It 

2 

Joint.  .. 

12 

»i 

9 

» 

20 

tt 

IS 

t« 

20 

tt 

16 

It 

2 

tt 

16 

Split  ... 

8 

It 

20 

Burst . . . 

16 

»• 

27 

Joint . . . 

The  total  length  of  water  mains  now  laid  is  26.63  miles;  number 
of  fire  hydrants,  278;  number  of  valves,  172. 

Respectfully  submitted, 

FRED  A.  TWAMLEY, 

Collector. 


ENGINEER'S  REPORT. 


To  tlie  Honorable  the  Board  of  Public  Works  of  the  City  ofQrand  Bapidt  : 

Gentlemen: — I  have  the  honor  to  submit  herewith  my  annua] 
report  of  the  work  done  by  the  pumping  engines  for  the  year  ending 
April  80, 1885: 

There  has  been  a  noticeable  increase  in  the  amount  of  water 
pumped  this  year,  owing,  in  part,  to  the  increased  number  of  water 
takers,  and  to  the  severe  weather  of  the  past  winter.  j 

The  engines  have  performed  their  work  without  any  stops,  and 
with  but  little  or  no  repairs.  ; 

I  would  respectfully  call  the  attention  of  the  Board  to  the  necessity        J 
of  having  an  instrument  that  will  measure  the  height  of  water  in  the        j 
reservoir  at  the  pump  house,  as  it  is  becoming  important  that  the  men 
at  the  pump  house  should  know  at  all  times  the  height  of  water,  in  order 
to  keep  it  more  uniform. 

The  average  daily  consumption  for  the  year  has  been  1,987,994  gal-        { 
Ions,  against  an  average  the  previous  year  of  1,583,781  gallons. 

The  total  cost  to  pump  one  million  gallons  of  water  into  reftervi>ir, 
$18.59  5-100. 

Total  cost  of  fuel  to  pump  one  million  gallons  of  water  into  reser-        . 
voir,  $8.04  1-100.  I 

The  running  expenses  for  the  year  have  been : 

For  Repairs $20546 

For  Supplies 280  54 

For  Wood 6,000  99 

For  Salaries 8,180  00 

Total $9,618  99 
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The  following  table  shows  the  number  of  days  run  for  each  month, 
tHe  number  of.  revolutions  made,  gallons  of  water  pumped,  amount  of 
wood  burned,  and  cost  of  the  same. 


MONTH. 


May , 

Jane 

July 

Angost .... 
September 
Oetober . . , 
NoTember 
Deoember 
January  . . 
FebniAry . 

March 

April 

Total. 


S 

< 


81 
80 
81 
81 
80 
81 
80 
81 
81 
28 
81 
80 


I 
S 


O 


510 

..  . 

M. 
55 

1 
605,620 

488 

50 

518.009 

489 

85 

587.192 

422 

80 

518,082 

450 

45 

668,818 

ttS 

80 

610,280 

488 

00 

524,846 

480 

55 

588,740 

572 

45 

661,605 

658 

85 

604.844 

571 

50 

787,280 

476 

15 

606,566 

5,878 

25 

7,078,681 

O 

OD 


i 

< 


60,502,000 
51,809,900 
58,719,200 
51,806,200 
56,881,800 
51,028,000 
52,484,600 
58,874,000 
68,162,600 
69,484,400 
72,728,000 
60,655,500 


284 

220 


O 


I 


i 

p 
p 

S 


202Vi 
224 


221H 
286 

8U 

298  ! 


259H 


8478  10 
384  10 
487  UO 
405  0() 
457  Si) 
415  25 
402  50 
504  a) 
594  25 
582  25 
574  00 
454  12 


8069%  I  $5,688  10 


Respectfully  submitted. 

GEORGE  E.  KIRK, 
Engineer. 
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CITY  SURVEYOR'S  REPORT. 


City  Surveyor's  Office,        ( 
Grand  Rapids,  Mich.,  May  1, 1885. ) 

To  the  Honorable  Mayor  and  Common  Council: 

Gentlemen:— I  have  tlie  honor  to  submit  herewith  a  report  of  the 

public  improvements  conducted  by  the  Board  of  Public  Works,  during 

the  year  ending  April  80, 1885,  together  with  other  matters  of  interest. 

STREETS. 

Since  1882,  the  time  when  the  last  statement  showing  the  mileage 
of  streets  was  published,  there  has  been  an  increase — results  of  street 
openings  and  plattings — of  7.85  miles. 

The  total  length  of  streets  in  the  city  at  present  is  140.82  miles,  of 
which  there  are— 

Graded  and  paved  with  wood 0.20  miles. 

Graded  and  paved  with  wood  and  stone 5.03  *' 

Graded  and  paved  with  stone 1 .49  " 

Graded,  graveled  and  gutters  paved 38. 15  " 

Graded  and  graveled 33. 11  " 

Graded 4.69  '* 

Unimproved 63. 15  ** 

Total .140.82      *» 

During  the  year,  grades  have  been  established  on  twenty-nine 
streets,  as  shown  by  the  following  table : 

Thirty -three  estimates  of  cost  for  improving  the  streets  mentioned, 
and  for  other  work,  have  been  prepared  and  submitted  to  >our  Honor- 
able Body. 
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Table  showing  the  streets  oq  which  grades  have  been  approved 
and  adopted,  giving  their  lengths  and  termini : 


Barclay 

Bowery 

Caxnpaa 

('hatham 

Clinton 

Delony 

Eant  Bridge 

Grove 

Grandville 

Indiana 

Jeffenion  avenae 

Liiviugston 

Logan 

Marion 

North 

N.  Union 

Oakes 

Park 

8.  Union 

Thomas 

Terrace 

Walbridgo 

Weet  Bridge 

Sycamore 

King 

Bachanan 

Bamett 

Miller 

Fairbanks 


East  Bridge 

South  Pine 

Pearl 

Marion . '. 

Mason 

Peaslee 

North  Lafayette. 

Plainfield 

PreHoott 

Bntterworth 

Cherry 

Reservoir 

SoQth  Lafayette. 
West  Bridge.... 

Alpine 

East  Eulton 

South  Division.. 
North  Division. . 

Fifth 

Henry 

Fifth 

Canal 

Broadway 

Sonth  Division.. 

Grandville 

Wealthy 

North  College... 

South  Ionia 

Clinton 


Fountain 

West  Division 

Ijouis 

WeBt  Division 

Walbridge 

Veto ." 

Enst  City  Limits.   .. 

Tayl'»r 

South  City  LimitB... 

Shawmnt  

Maple 

Walbriclts'o  

Madison 

Jackson 

G.B.&LB.R 

D.  G.H.  &M.  R'y  .. 

South  Spring 

Ransom 

Wealthy 

South  Union 

Wf»althy 

Coit 

Gold 

South  Lafayette 

West 

Preecott 

North  avenue 

Buchanan  

North 


IjENOTH. 
FEET. 


1,789 

2,897 

277 

3.280 

882 

1,5»4 

8,382 

781 

5,081 

2,558 

m 

417 

720 

939 

1.800 

3,518 

2h.'» 

730 

2,.WJ 

1,941) 
1,334 
1,49:» 

594 

600 

594 

2.000 


The  following  table  shows  the  number,  name,  manner  and  cost  of 
street  ImprovemiBnts  completed  during  the  year : 
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SEWERS. 


The  system  of  sewerage  now  constructed   has  a  total   length  of 
88.700  miles,  as  shown  by  the  following: 

Brick  Sewers 15.698  miles. 

Glazed  Pipe  Sewei-s 15.614      " 

Cement  Pipe      "       480      " 

Wood  "       1.858      " 

Iron  Pipe  in  river 160      ** 

Total 38.705  miles. 

The  sewers  completed  during  the  year,  together  with  those  now 
under  contract,  are  sliown  by  the  following  tables : 


3 

S 

s 
a 
o 
o 


5        00 

o     o 


oS      00 

q    a 
o     o 


8    8 

o 

3 


<=?    S 


S 


OS 


o 


a 


00 


25 


1^ 
oc 


.9 
E 

8 


10 


o 

CO 

S 

O 

Ss 
»-• 

Q 

O 
Z 

Q 
Q 

o 
o 

CD 
OQ 


8    8 
5    ^ 


8 

I" 


8 


8 


g 


PS 


8 


8    8      8 


CO 


5 

X 


I- 


c5 


CM 


'BaiBBQ 


S     «8     oc?5         ■^ 


CQ 


oc 


oc 


^1 


^      ec 


lA 


ea     o» 


N  -T 


w 


M     0)9     ciia» 


^ 

s 

P. 

•d 

i 

2- 

« 

M' 

"5 

u> 

(3 

q-: 

2h     ::. 


I    l=: 


^ 


o 

PU 

a   ■ 
.  « 

S.S 
JO 

CO      • 

PM  h 


0) 


S52 


OB  ^ 


o 


o 

Ob 


P      ;: 


QQ 


> 


4» 

as 
•S-3 

•  a 
♦:  s 
X  o 

-   fl 
it 

^  OB 


M 
u 


tS. 


a 

2 


X 

a 


.3 


K  K  M  K  M 


J3  fiC 

M  H  K  X"^ 


^1 

EflQr 
O      ?5 

&'>^  o 

>  .+- 

ce  «^ 

S  0)  o 


CO 

d 
o 


Q 
6  e 


a 
X' 


0 

c; 


?4  =i 


S 

N 

C 

c 

9* 


^'     Urn 


■.tr>        - 


c  c 


ce 

5 


a  9 


< 


„£ 


e; 

B 
ce 


1 

1  fl 

i  i 

1 

1           1         , 

-i    s    < 

-^        s 

-  ; 

"    s        s"  "s 

s      s  s 

8         S 

g    §  s 

3      8 

i 

3        S      i 

.f 

!^ 

rf 

B       a 

~  s 

8"           8   " 

S       =  1 

• 

—  1_.^._ 

% 

"s 

3            Ii 

S         3    £ 

-   "  8            8         S 

I.      8  5 

— *•-  _ 

'       l_ 

■i 

1           1         '- 

I       S  5 

^    ^  ilisii 

ii 

'  ISSp  S8!    3 

'     "        .  - 

= 

' 

i 

«       «  r 

«               £ 

- 

s 

: 

-.-    —    ^  ;'7TT 

~TT 

T — rr^:  T 

i;a-i!     s 

s  .5.     si:::; 

ifi     " 

1  lj  ■  ^  • 

J  ^ 

:  J  : : : :  s|^    i 

u.   .   .  .        =»            ■- 

S        J  1 

^  ■ag' 

!i 

'S'       Iv     1 

1      i  r 

L  liii 

% 

1  51555  s-i     i 

:JsssS  SS5    5 

pi 

ii 

i 

z 

2.1 

1 

s 

U'M 

i 

s 

Si  ii 

Jill  -^ 

J 

■    3S 

jH 

1 

1 

"a 

1 

1 

i 

1 

Ifill 

i; 

1       ll 

1 

!  T 

i 

^      1 

:  1  1 

i  1 

1 

S 
1 

1    Hi. 

1            1"   1 

10 

3 


O 
CO 


< 

Q 
H 
H 

S 
8 


I 


£ 

g 
J" 

o  i 


o 

1 

8 
I 


8 

c 


8 


a 

CD 

8 


« 

•s 

a 

* 


SS 


8     S 
S     8 


8 


8 


9   ^ 


8 


8     8 

o 


8 
8 


3 

3 


8 
8 


91   §  §§    g 


ta 


60 


CO 


1. 

•a- 


e4< 


O 

i 

s 


1 


8 


BOARD  OF  PUBLIC  WOKKS.  26 


Since  the  construction  of  the  Winter  street  sewer  extension  in 
Broadway  street,  it  has  been  carried  on  the  reports  as  work  uncom- 
pleted; settlement  on  the  contract  being  held  in  abeyance,  awaiting 
the  result  of  a  suit  at  law.  The  case  was  decided  at  tlie  last  session  of 
the  Supreme  Court. 

Settlement  with  the  contractor  for  the  construction  of  the  Seventh  j 
and  Davis  street  sewer  was  not  effected  until  the  result  of  the  suit  i 
above  mentioned  was  known,  when  the  contrat^tor  requested  the  pre- 
sentation of  his  final  account. 

Both  sewers  are  herein  entered  as  work  cumt)lete(l. 

OUTLET  SEWERS. 

The  Fulton  and  Washington  street  outlet  sewer  which  was  com- 
pleted last  year  has  given  very  satisfactory  results. 

Slight  repairs  were  necessary  after  the  heavy  rains  of  lust  spring. 

The  Canal  and  Lyon  street  intercepting  sewer,  mentioned  in  last 
report,  has  worked  very  satisfactorily. 

The  contract  price  was $8,865  00 

Rock  excavation 311  65 

Total $4,176  65 

Without  including  the  cost  of  the  iron  pipe  used. 

The  system  for  outlet  sewerage,  for  which  an  appropriation  of 
$9,000.00  was  made,  has  cost  as  follows : 

Pulton  and  Washington  street  sewer,  not  including  iron  pipe. $2,513  81 
Canal  and  Lyon  street  "        •'  "  "        "    .    4,176  65 

Wrought  iron  pipe  used  in  both  sewers 1,677  59 

Incidentals 224  97 

$8,598  02 
Leaving  a  balance  to  the  credit  of  the  fund 40<{  98 

For  the  abatement  of  a  nuisance  occasioned  by  tlie  discharge  of 
the  Coldbrook  street  sewer  upon  the  uncovered  river  l)ottom  during 
low  stages  of  the  water,  an  arrangement  similar  in  construction  and  for 
the  same  purpose  was  provided,  wliich  conveys  the  sewage  144  feet 
away  from  the  sliore  into  rapid  running  water,  through  un  eight  inch 
cast  iron  pipe.  The  work  was  done  by  contract  and  paid  from  the 
First  District  Sewer  Fund. 

The  contract  was  awarded  to  L  B.  Mathewson,  Aug.  16, 1884,  for  .  $150  00 
Pipe  furnished  by  City  cost 103  20 

Making  the  total  cost  of  the  work $253  20 

D 
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BRIDGE  8TKEET  BRIDGE,  PIERS,  APPROACHES,  ETC. 

The  Board  were  of  the  opinion  that  to  place  the  floor  of  the  new 
bridgp  to  be  erected  at  this  point,  at  the  same  elevation  as  that  of  the 
old  one — there  being  ([Uite  one-half  the  depth  of  girder  beneath  the 
floor— would  greatly  endanger  the  structure;  they  therefore  concluded 
to  place  the  bridge  twenty  inches  higher.  The  wis<1om  of  such  action 
was  clearly  demonstrated  last  winter,  when  the  river  was  filled  by  an 
ice  jam  to  near  the  lower  chord  of  the  bridge. 

Aside  from  the  increased  security  to  the  bridge,  decided  benetite 
arise  from  another  source.  Storm  water  falling  upon  the  approaches 
is  now  conducted  away  from  the  bridge,  where  it  flowed  to,  and  upon 
the  structure,  much  to  the  annoyance  of  pedestrians. 

The  bridge  contracted  for  with  the  Morse  Bridge  Co.  to  be  erectetl 
at  this  point,  has  been  completed  and  in  use  for  several  months. 

>[r.  Higgins,  contractor  for  the  piers  for  this  bridge,  resumed  his 
work  tis  soon  as  practicable  in  the  spring.  The  work  was  carried  for- 
ward as  far  as  possible  before  the  old  bridge  was  removed ;  after  whicli, 
work  was  continued  to  completion  in  advance  of  tlie  bridge  erection. 

The  increased  height  of  masonry  consequent  upon  raising  the 
bridge,  and  some  incidental  work,  added  materially  to  the  cost  of  the 
masonry. 

The  entire  cost  of  the  masonry  was  $9,913.06. 

Changing  the  grade  of  the  bridge  made  it  necessary  to  raise  the 
sliort  span  at  the  east  end  thereof;  which  work  wtis  skillfully  per- 
formed by  Mr.  H.  H.  Ives.  It  also  necessitated  regrailing  the  approaches. 
The  pavement  on  tlie  east  approach  was  taken  up  for  a  distance  of  one 
hundred  feet  east  of  the  bridge,  filling  sufficient  to  make  it  conform  to 
the  new  grade  placed  therein,  and  the  roadway  repnved. 

The  sides  of  the  embankment  of  the  west  approach — from  a  sense 
of  false  economy  or  indifference — were  originally  walled  up  with  slaUs 
which  had  rotted,  settled,  and  damaged  the  roadway  considerably.  To 
properly  reconstruct  the  approach,  it  was  necessary  to  remove  the  slabs, 
build  revetments  of  stone  ma.sonry,  fill  up  and  repave  the  street.  Plans 
for  the  work  were  prepared  and  placted  in  the  hands  of  Mr.  Ebenezer 
Anderson  for  execution. 

The  entire  cost  of  this  improvement,  itemized,  is  as  follows: 

Bridge $21,800  W 

Piers  9,913  06 

Approaches 2,031  77 

$38,744  as 
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FULTON  ST.  BRIDGE,  BRIDGE  MASONRY  AND  APPROACHES. 

At  a  meeting  of  the  Common  Council  held  July  2d,  1883,  a  resolu- 
tion was  passed  declaring  the  construction  of  a  bridge  across  tlie  river 
at  Fulton  street  a  public  necessity.  Subsequent  to  that  time,  the  street 
was  extended  to  the  I'iver  from  Waterloo  street  by  taking  private  prop- 
erty therefor.  On  the  21st  day  of  April,  1884,  another  resolution  was 
adopted,  citing  that  Fulton  street  is  now  opened  and  extended,  and 
requesting  the  Board  to  proceed  with  the  construction  of  the  bridge  as 
soon  as  practicable. 

Surveys  preliminary  to  the  work  were  made  as  soon  as  the  water 
had  subsided  sufficiently,  and  the  matter  tlien  placed  before  the  Board 
for  consideration.  It  was  decided  to  construct  an  iron  bridge  five  liun- 
dred  and  forty  feet  long,  consisting  of  four  spans  of  equal  lengtii,  and 
to  construct  the  foundation  tlierefor  of  bowlder  stone.  The  facing  of 
tlie  abutments  and  piers  is  in  regular  range  work  of  well  scabbled 
stone,  and  the  entire  work  laid  in  cement  mortar. 

The  water  main  lying  in  the  bed  of  the  river  at  this  point  was  near 
the  line  of  the  up-stream  end  of  the  piers.  The  pipe  was  laid  without 
reference  to  tlie  location  of  a  bridge,  and  was  in  such  a  position  as  to 
necessitate  the  placing  of  the  east  end  of  the  bridge  seven  feet  north  of 
the  point  it  ought  to  have  occupied,  to  secure  a  proper  footing  for  the 
arch  over  the  pipe  on  the  up-stream  side  thereof. 

The  iron  sewer  pipe  which  extends  to  the  middle  of  the  river  lielow 
the  piers  had  to  be  built  over  in  the  same  manner  as  the  water  main,  in 
the  east  abutment.  Also  storm-water  outfalls  for  sewers  were  made  in 
the  south  wing  walls  of  each  abutment. 

The  masonry  was  commenced  below  the  water  pipe  on  a  l)ed  of 
heavy  gravel  and  stones,  from  two  to  three  feet  below  the  river  bed. 
The  average  height  of  the  masonry  is  twenty-five  feet. 

The  contract  was  awarded  July  7, 1884,  to  John  Olson,  for  $19,- 
400.00.  An  extension  to  the  south  wing  wall  was  necessary  because 
of  the  changed  location  of  the  abutment,  increasing  the  cost  of  the 
work  to  $19,911.26. 

As  soon  as  obstructing  buildings  in  the  street  were  removed  the 
contract  for  grading  the  approaches  to  the  bridge  was  awarded.  This 
work  included  the  extension  of  tlie  East  and  West  Fulton  street  sewers 
from  their  then  present  terminus  to  the  openings  provided  in  the  abut- 
ments therefor.  The  length  of  the  two  approaches  is  618  feet;  the 
deepest  fill,  22  feet  As  a  protection  to  the  embankment  against  the 
action  of  high  water,  ice,  etc.,  the  slopes  were  paved  with  large  stone. 

The  center  of  the  roadway  for  a  width  of  16  feet  will  be  of  cedar 
block  paving;  the  gutters  to  be  paved  witii  cobblestone,  eacli  11  feet 
wide. 

This  contract  was  awarded  to  C.  Prange,  Aug.  28d,  for  $8,437.00. 
Paving  the  side  slopes  to  be  paid  for  extra  at  the  rate  of  $1.00  ])er 
square  yard. 
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BRIDGE. 

The  contract  for  the  bridge  construction  was  awarded  Dec.  12, 
1884,  to  the  Massillon  Bridge  Co.,  of  MasslUon,  Oliio,  for  i|;20.948.(M). 
It  is  of  the  Wliipple  type,  with  end  posts  askew  28*^.  The  length  is 
540  feet,  width  of  roadway  between  felloe  guards  22  feet,  with  two  side 
walks  each  of  six  feet  clear  width.  The  girders  are  proportioned  to 
to  carry  2,720  pounds  of  rolling  load  per  linear  foot,  with  live  as  the 
factor  of  safety.  The  floor  beams  under  the  roadway  are  proportioned, 
to  carry  110  pounds  per  sc^uare  foot  of  same,  with  seven  as  the  .safe 
factor. 

CITY  HALL. 


Tlie  contract  for  building  the  City  Hall  was  awarded  April  J) 
1885,  to  W.  D.  Richardson,  of  Springfield,  111.,  for  $185,641.68. 

The  Hall  is  located  on  Lyon  street,  between  North  Ionia  and 
Ottawa  streets. 

The  structure  is  to  be  a  first-lass  fire-proof  building,  after  plans  of 
E.  E.  Myers,  architect,  of  Detroit,  Mich.  It  is  of  the  Norman  style  of 
architecture,  in  random  range,  rock-faced  ashler,  of  Ohio  blue  stone. 
Its  depth  through  the  central  part  is  108  feet,  by  a  length  164  feet  on 
the  front.  Height  of  the  Lyon  street  or  principal  front  is  96  feet ;  of 
the  flnial  on  main  tower  163  feet. 

The  three  entrances  to  the  first  floor  are  reached  by  broad  fiight<^ 
of  granite  steps.  The  arch  of  the  Lyon  street  or  grand  entrance  is  sup- 
ported by  columns  of  polished  red  granite,  with  similar  but  lighter 
columns  at  the  doors. 

The  basement  is  provided  with  five  entrances.  The  Engineer's, 
boiler  and  fuel  rooms.  Director  of  the  Poor's  supplies,  nine  other  unas- 
signed  rooms  and  three  storage  vaults  are  located  here.  Height  of 
story  Is  nine  feet  in  the  clear. 

The  first  or  principal  floor  has  a  wide  corridor  extending  the  entire 
length  of  the  building,  opening  upon  Ottawa  and  N .  Ionia  streets,  and 
from  which  a  corridor  extends  to  the  main  entrance.  This  stor}*^  con- 
tains seventeen  large  office  rooms  and  three  vaults.  Height  of  story 
fourteen  feet. 

The  second  story  is  reached  by  a  broad  iron  stairway  landing  in  a 
corridor  similar  to  the  long  one  on  the  first  floor.  Tlie  Public  Library 
is  temporarily  provided  for  on  this  floor,  occupying  five  large  rooms. 
Thirteen  office  rooms  and  two  vaults  are  also  upon  this  floor.  The  clear 
lieight  of  this  story  is  sixteen  feet. 

The  third  story  contains  the  Common  Council  chamber,  Superior 
Court  room,  eleven  other  rooms,  and  one  vault.    It  is  sixteen  feet  in 


